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EXECUTIVE  SUMMARY 


The  Navy  and  the  California  State  Lands  Commission  entered  into  a  Cooperative  Research  and 
Development  Agreement  for  the  development  of  seismic  design  criteria  for  waterfront 
construction.  Both  organizations  face  similar  problems  in  the  safe  design  of  facilities  and  the 
need  for  a  design  guide.  The  California  State  Lands  Commission  (CSLC)  has  oversight  of  over 
sixty  marine  oil  terminals,  some  of  which  are  over  80  years  old  and  built  to  unknown  standards. 
Typically,  they  were  built  to  resist  minor  earthquake  intensity.  New  earthquake  hazard 
information  from  recent  events  such  as  Loma  Prieta  (1989)  and  Northridge  (1994)  indicate  that 
much  higher  intensities  are  possible.  It  is  prudent  that  these  facilities  be  evaluated  and  unsafe 
deficiencies  corrected. 

This  task  has  produced  NFESC  TR2103-SHR  “Seismic  Criteria  for  California  Marine  Oil 
Terminals”  by  Ferritto  et  al.;  Volumes  1  and  2  dated  July  1999.  The  document  develops  and 
expands  on  work  that  was  begun  by  the  Naval  Facilities  Engineering  Service  Center  to  provide 
seismic  design  criteria  for  waterfront  construction.  The  cited  report  presents  criteria  that  are 
intended  to  define  a  minimum  level  of  acceptable  performance  for  marine  oil  terminals  and 
includes  in  addition  to  the  criteria,  seven  chapters  and  three  appendices  of  technical  supporting 
material.  The  development  of  the  criteria  recognized  the  need  to  protect  the  environment  from  oil 
spills,  the  need  to  provide  for  the  transfer  of  required  natural  resources  into  the  State  and  the 
economics  of  operating  a  commercial  facility  in  a  competitive  market.  The  development  of  this 
guide  has  taken  the  approach  of  providing  reasonable  and  prudent  levels  of  design  consistent 
with  the  state-of-the-art  of  engineering  practice.  The  document  is  intended  to  be  dynamic  in 
nature;  it  is  expected  that  it  will  be  revised  and  updated  by  the  experience  gained  through  usage. 

This  report  is  the  third  volume  of  the  guide  and  presents  a  design  example  case  study  prepared 
by  Professor  M.  J.  N.  Priestley  of  the  University  of  California,  San  Diego.  The  design  example 
uses  the  criteria  and  performance  limits  in  the  evaluation  of  a  typical  wharf  structure.  The 
procedures  used  in  this  example  are  presented  in  Chapter  3  of  Volume  of  the  Guide. 
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SEISMIC  ASSESSMENT  OF  TWO-SEGMENT  MARGINAL  WHARF 
THE  STRUCTURE: 

The  structure  is  illustrated  in  Fig.l.  The  reinforced  concrete  deck  consists  of  two 
segments,  each  1 10  ft  wide  by  400ft  long,  connected  by  a  central  shear  key,  and  has  a 
uniform  depth  of  33in.  Five  lines  of  prestressed  piles  (A  through  F)  support  the  deck  at 
20  ft  centers  in  the  transverse  direction.  Support  in  the  longitudinal  direction  is  also  at 
20  ft  centers  along  all  except  line  F,  the  landward  row,  where  the  spacing  is  10  ft.  The 
free  ground  surface  provides  a  minimum  clearance  of  2  ft  (at  the  landward  edge,  and  for 
5  ft  beyond  line  F  towards  line  E),  then  slopes  at  1:1.75  uniformly.  Clear  heights  of  the 
piles  are  indicated  on  Fig.  1 .  A  cut-off  wall  at  the  landward  edge  of  the  wharf  is  pinned  to 
the  bottom  of  the  wharf  deck,  and  allows  the  ground  surface  beyond  the  wharf  to  be  level 
with  the  deck  surface. 

The  prestressed  piles  are  24  in.  diameter  circular  piles,  prestressed  with  16-0.6  in.  strands, 
as  shown  in  Fig.  2.  Strand  area  is  0.215  sq.in,  UTS  is  270  ksi,  and  stress  after  transfer 
and  losses  is  216ksi.  For  this  case  study,  two  details  of  transverse  spiral  reinforcement 
are  considered  to  illustrate  aspects  of  ductility  and  strength  capacity.  The  first,  W20  (Asp 
=  0.20  in2)  @  2.5  in.  pitch  represents  good  confinement  as  expected  from  new  design. 

The  second,  W1 1  (Asp  =  0.1 1  in2)  @  6.0  in.  pitch  is  representative  of  older,  substandard 
design.  Spirals  are  ASTM  A82  steel,  with  a  yield  stress  of  70  ksi,  and  cover  to  the 
spirals  is  3.0  in.  Concrete  strength,  including  strength  gain  with  age  is  assessed  to  be  7.0 
ksi.  Piles  are  founded  on  a  firm  gravel  layer  at  a  depth  of  120  ft  below  deck  level. 

Connection  between  piles  and  deck  is  by  8#  10  grade  60  rebar  dowels,  with  an  assessed 
yield  strength  of  66  ksi.  Connection  details  for  the  two  cases  considered  are  shown  in 
Fig.  3.  In  the  case  of  the  well  confined  pile,  spirals  are  continued  into  the  deck,  and  the 
dowels  are  terminated  by  straight  bar  extensions  3  in.  below  the  top  of  the  deck.  In  the 
case  of  the  older  piles,  no  spirals  are  provided  in  the  deck,  and  the  dowels  are  bent 
outwards  12  in.  below  the  deck  surface  to  provide  anchorage.  This  is  expected  to  provide 
joint  shear  problems. 

GROUND  CONDITIONS 

The  foundation  consists  of  quarry  run  overlaid  by  3  ft  of  rip-rap.  Geotechnical  advice 
has  resulted  in  an  assessment  that  maximum  soil  resistance  is  reached  at  a  soil 
displacement  of  0.5  in.,  regardless  of  depth,  and  that  maximum  soil  strength  increases 
linearly  with  depth  according  to  the  relationship 

Puit  =  0.5z  kip/in  (1) 

Where  z  is  the  depth  below  ground  surface  in  ft,  and  puit  is  the  maximum  soil  resisting 
force  on  a  1 .0  in.  height  of  pile.  Thus,  at  a  depth  of  20  ft,  the  maximum  soil  resistance  is 

P20  =  0.5x20  =  10  kip/in. 
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If  a  soil  spring  represents  a  tributary  pile  height  of  2  ft,  the  maximum  spring  force  is  thus 
F2o  =  10x24  =  240  kips, 

And,  since  the  peak  resistance  is  reached  at  a  displacement  of  0.5  in.,  the  elastic  spring 
stiffness  is 

k20  =240/0.5  =480  kip/in. 

Soil  spring  characteristics  are  assessed  to  be  elasto-plastic. 

SEISMICITY 

The  structure  is  to  be  assessed  for  Level  2  (Damage  control)  response  only,  in  accordance 
with  the  design  spectrum  of  Fig.  4  which  is  tabulated  in  Table  1 .  Some  tentative 
conclusions  related  to  a  level  1  earthquake  whose  intensity,  for  this  case  study,  is 
assumed  to  be  40%  that  of  the  level  2  earthquake  will  also  be  made.  The  assessment  will 
primarily  be  based  on  response  spectrum  analyses,  but  a  time-history  analysis  using  a  real 
earthquake  record  scaled  to  have  similar  spectral  response  in  the  period  range  of  interest 
will  also  be  considered. 

RESULTS 

Detailed  calculations  are  included  in  a  Calculations  Appendix.  Representative  listings  of 
computer  input  and  output  are  also  included  in  a  Computer  Input/Output  Appendix.  This 
report  contains  only  a  summary  of  these  detailed  results,  and  describes  decisions  made  in 
the  analysis  process. 

Structural  Weight: 

For  computation  of  the  effective  structural  weight,  one  third  of  the  pile  weight  for  a 
length  of  pile  from  the  deck  soffit  to  10ft  (5xD)  below  the  rip-rap  surface  is  added  to  the 
deck  weight.  A  tributary  length  of  the  wharf  of  20  ft  is  considered,  for  which  the  weight, 
including  self-weight,  a  uniform  piping  and  equipment  load  of  35  psf,  and  tributary 
weight  of  the  piles  is  found  to  be 

W  =  1022.3  kips/20  ft. 

The  center  of  weight  is  55.44  ft  from  the  landward  edge,  (see  pCl) 

Seismic  Axial  Force  in  Piles 

Estimates  of  the  range  of  seismic  axial  forces  in  the  piles  are  based  on  an  initial  estimate 
of  the  pile  moment  capacity  of  about  6000  kip.in.  (see  page  C2).  The  procedure  followed 
on  pC2  is  based  on  the  following  steps: 

•  Assume  all  piles  have  a  pile  top  moment  of 6000  kip.in,  at  the  deck  centerline 
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TABLE  1  475  YEAR  DESIGN  SPECTRUM  (xg)  (5%  damping) 


PERIOD 

ACC.  Xg 

0 

0.52 

0.03 

0.52 

0.1 

1.06 

0.2 

1.38 

0.3 

1.37 

0.4 

1.26 

0.5 

1.15 

0.6 

1.064 

0.7 

0.978 

0.8 

0.892 

0.9 

0.806 

1 

0.72 

1.5 

0.548 

2 

0.38 

2.5 

0.328 

3 

0.223 

4 

0.17 

(5%  damping) 
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•  For  equilibrium,  deck  moment  at  piles  A  and  F  — 6000kip.in 

•  For  interior  piles  (B  to  E),  assume  pile  moment  equally  divided  to  each  side  on  deck 
(i.e  3000  kip.  in  each  side) 

•  At  pile  F,  there  are  two  piles  each  20ft,  so  effective  total  deck  moment  there  is 
12000kip.in/20ft. 

•  Beam  shear  is  found  as  the  sum  of  beam  moments  at  the  two  ends  of  a  span  divided 
by  the  span  length  (see  eqns,  pC2) 

•  For  equilibrium,  sum  of  beam  shears  on  either  side  of  a  pile  =  seismic  axial  force. 
Note  that  for  interior  piles  the  beam  shears  effectively  cancel,  to  result  in  only  small 
axial  force  changes.  At  F,  the  beam  shear  Vef  is  divided  between  the  two  F  line  piles 
in  the  20ft  width. 

Pile  Moment-Curvature  calculations: 

Calculations  for  these  are  included  in  pages  C2  to  C7.  Data  for  the  moment-curvature 
analyses  and  listings  of  the  output  are  given  in  sub-appendix  A  of  these  calculations. 

Total  axial  force  on  the  piles  is  estimated  to  vary  between  about  0  and  200  kips,  and 
calculations  are  carried  out  for  three  levels  of  force:  0, 100, 200  kips,  as  a  consequence. 
The  programs  used  for  moment-curvature  analysis  include  the  effects  of  enhancement  to 
concrete  compression  strength  and  ultimate  compression  strain  capacity  resulting  from 
confinement  provided  by  the  spirals,  and  differentiate  between  the  unconfined  cover 
concrete  and  the  confined  core.  This  is  very  important  in  this  example,  as  the  cover  is  a 
large  portion  (47%  to  center  of  the  spiral)  of  the  section  area,  and  spalling  of  the  cover  at 
comparatively  low  strains  dramatically  influences  the  moment-curvature  response.  This 
is  illustrated  in  the  moment-curvature  curves  for  the  prestressed  sections  and  the  doweled 
connection  detail  which  are  shown  in  Fig.  5-8.  As  a  consequence  of  cover  spalling, 
ultimate  moment  capacities  tend  to  be  less  than  the  peak  values  before  cover  spalling, 
particularly  for  the  prestressed  section  when  confined  by  the  lighter  W1 1  spiral. 

The  curves  plotted  in  Figs  5-8  continue  to  the  curvatures  corresponding  to  the  ultimate 
strains  corresponding  to  the  damage  control  (Level  2)  limit  state.  Calculations  for 
ultimate  compression  strains  are  included  on  pC3.  Note  that  the  ultimate  curvatures  are 
much  lower  for  the  section  confined  by  the  W1 1  spiral  than  when  confined  by  the  W20 
spiral.  Note  also  that  the  ultimate  curvature  is  reduced  as  the  axial  force  on  the  section 
increases.  However,  over  the  range  of  axial  load  considered,  the  influence  of  axial  force 
on  moment  capacity  and  ultimate  curvature  is  not  great.  A  summary  of  limit  state 
moments  and  curvatures  is  included  on  p  C6  of  the  calculations.  The  moments  and 
curvatures  for  the  damage  control  limit  state  for  the  prestressed  section  with  W20  spirals 
@  2.5  in.  correspond  to  the  calculated  ultimate  strain  capacity  of  0.021 .  This  exceeds  the 
design  level  of 0.008  recommended  for  in-ground  hinges  (see  p3-62  of  resource 
document).  However,  for  safety  evaluation  of  an  existing  structure,  the  higher  strain 
corresponding  to  unacceptable  damage  is  probably  more  appropriate  than  the  lower  limit, 
which  is  intended  to  guard  against  long-term  corrosion  following  a  seismic  event. 
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FIG  6.  PILE  TOP  MOMENT- CURVATURE  (Wll/6in) 
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FIG  7.  PRESTRESSED  PILE  MOMENT- CURVATURE  (W20/2.5) 


FIG  8.  PRESTRESSED  PILE  MOMENT- CURVATURE  (¥11/6) 
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Pile  Pushover  Analyses: 

In  comparison  with  the  piles,  even  the  F-line  piles,  the  33  in  thick  deck  is  essentially 
rigid.  This  means  that  it  is  not  necessary  to  model  the  deck  flexibility  in  the  pushover 
analyses.  Section  4  of  the  calculations  reports  pushover  analyses  of  the  6  pile  heights  (A 
to  F)  using  two  methods  of  analysis  -  inelastic  Winkler  foundation  plus  inelastic  piles, 
and  an  equivalent  depth  to  fixity  analysis  (pile  F  only).  For  the  first  case  it  is  necessary 
to  approximate  the  pile  moment-curvature  curves  shown  in  Figs.  5  to  8  by  equivalent 
simpler  curves.  The  pile-top  moment-curvature  relationships  for  W20  spirals  at  2.5  in 
centers  can  be  adequately  represented  by  elasto-plastic  relationships  (see  p.C9).  The 
comparison  for  the  critical  F-Line  pile  is  shown  in  Fig.  9. 

Because  prestress  delays  cracking  of  the  prestressed  sections  until  the  moment  is  close  to 
50%  of  ultimate  capacity,  the  elastic  portion  of  the  moment-curvature  section  for 
prestressed  sections  is  represented  by  a  bi- linear  relationship  (pCIO  to  pC12).  The 
inelastic  portion  is  represented  by  a  perfectly  plastic  curve.  A  comparison  between  the 
calculated  moment-curvature  relationship  and  an  equivalent  tri-linear  (Muto) 
approximation  is  shown  in  Fig.  10.  The  agreement  is  very  good  in  the  elastic  stage,  but 
considerable  differences  exist  in  the  plastic  due  to  strength  loss  resulting  from  cover 
spalling,  followed  by  strength  increase  from  strain  hardening.  Note  that  the  strength  loss 
will  probably  be  less  than  predicted  by  the  moment-curvature  analysis,  since  this  does  not 
include  the  influence  of  soil  confinement  on  the  cover  concrete,  which  can  be  expected  to 
delay,  and  reduce  the  influence  of,  cover  spalling. 

Spring-model  for  Inelastic  Pushover  Analysis:  The  pushover  is  carried  out  on  a  pile- 
by-pile  basis,  as  suggested  on  pp3-54  and  Fig.3-23  of  the  resource  document.  A  similar 
model  was  used  for  all  piles,  with  the  basic  difference  being  the  clear  height  between  the 
deck  soffit  and  the  ground  surface.  The  basic  model  used  is  shown  on  pC13  of  the 
calculations.  Note  that  the  top  fixity  of  the  pile  is  assumed  to  occur  at  a  height  of  12.6in 
above  the  soffit  to  model  the  additional  flexibility  caused  by  strain  penetration. 

The  top  elements  of  the  pile  are  modeled  by  the  deck-connection  characteristics  (figures 
on  pC9),  with  lower  elements  modeled  by  the  prestressed  section  characteristics  (figures 
on  pC12).  For  the  F-Line  pile  members  16-19  have  the  connection  characteristics,  while 
for  other  piles,  the  top  4ft  plus  the  strain  penetration  element  have  the  connection 
characteristics.  Note  that  the  strain-penetration  element  is  elastic-  this  forces  the  pile  top 
plastic  hinge  to  form  at  the  soffit. 

The  soil  springs  have  the  bilinear  characteristics  defined  in  the  section  above  on  Ground 
Conditions.  Calculations  for  the  spring  stiffnesses  are  included  in  pC14.  The  bottom  5 
springs  are  given  elastic  characteristics,  since  the  displacements  at  these  depths  will  be 
much  less  than  the  yield  displacement  of  0.5  in. 

Pushover  analyses  tend  to  become  unstable  when  the  structure  forms  a  full  inelastic 
mechanism,  as  occurs  when  hinges  have  formed  at  the  deck  soffit  and  at  some  depth  in- 
ground.  It  can  be  difficult  to  determine  the  maximum  strength  and  displacement  capacity 
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FIG.  9  PILE  TOP  MOM— CURV.+  ELASTO -PLASTIC  APPROX 
P  =  100  kips 
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with  accuracy  in  these  cases.  To  avoid  this  problem,  a  stiff  spring  (member  35, 
pC13)was  placed  in  parallel  with  the  pile  at  the  pile  top.  This  meant  that  the  structure 
would  always  have  positive  stiffness,  even  when  the  pile  had  fully  plastified.  Note  that 
this  trick  will  also  work  if  the  pile  has  a  strain-softening  (negative  second  slope  stiffness) 
characteristic  after  yield. 

There  are  several  inelastic  pushover  computer  programs  available.  We  have  used  an 
Inelastic  time-history  program  “Tluaumoko”  for  all  structural  analyses,  for  convenience. 

It  is  possible  to  “fool”  an  inelastic  time  history  analysis  program  to  perform  a  pushover 
analysis  by  specifying  a  very  slowly  increasing  acceleration  ramp,  which  generates 
gradually  increasing  inertia  forces  on  the  structure.  This  has  to  be  done  slowly  enough  so 
that  the  higher  modes  of  the  structure  are  not  excited.  Ruaumoko  has  special  facilities  to 
enable  pushover  analyses,  but  it  is  emphasised  that  any  inelastic  time-history  analysis 
code  could  be  used  if  a  special  purpose  pushover  program  is  not  available. 

Input  data  for  the  pushover  analysis  for  the  F-Line  pile  is  included  in  pp  A-19a  to  A-19c. 
The  data  echo,  which  helps  to  explain  the  input,  is  listed  in  pp  A-19d  to  A-19j.  Listings 
for  the  force  displacement  response  of  each  of  the  piles  is  also  included  in  Appendix  A, 
in  pp  A-20  to  A-25  for  piles  A  to  F  respectively.  These  data  are  also  plotted  in  Fig.  1 1 , 
and  listed  against  a  unified  displacement  base  in  Table  2  (located  after  Fig.l  1).  Note  that 
the  data  in  Table  2  only  are  provided  to  a  maximum  displacement  of  8.55in.  This  is 
calculated  to  be  the  ultimate  displacement  capacity  of  the  critical  F-line  piles,  based  on 
the  pile  top  hinge.  Calculations  for  the  displacement  limits  are  given  in  ppC15  to  Cl 7. 
Note  that  these  limits  are  only  calculated  for  the  F-line  pile,  since  the  larger  displacement 
capacities  if  the  other  piles  are  of  only  academic  interest.  It  will  be  noted  that  the 
displacement  capacity  of  piles  with  W1 1  spirals  at  6  in  pitch,  at  3.63 in  (pC16)  is  less  than 
half  that  for  the  W20  @  2.5in  pitch. 

Examination  of  Fig.  1 1  shows  the  very  great  differences  in  stiffness  between  the  F  line 
and  other  piles.  It  is  also  apparent  from  this  figure  that  the  yield  displacements  for  the 
piles  greatly  increase  as  the  clear  height  increases.  This  means  that  the  final  strengths  of 
the  piles,  though  still  exhibiting  high  variations,  are  not  as  pronounced  as  variations  in 
initial  stiffness,  which  indicated  that  calculations  based  on  initial  stiffness  are  likely  to  be 
unreliable. 

Fig.  12  shows  moment  profiles  in  the  upper  regions  of  the  F-line  pile  at  displacements 
close  to  first  yield  (0.94  in)  and  at  maximum  expected  displacement  (4.22  in).  It  is  seen 
that  the  in-ground  hinge  forms  at  about  90  in  (3.75  D)  below  ground  surface.  Elastic 
analyses  would  predict  a  lower  height.  The  early  yield  of  the  weak  upper  soil  springs 
means  that  the  hinge  is  forced  lower  in  the  pile.  It  will  be  seen  also  that  the  moment 
profile  close  to  the  hinge  varies  only  gradually,  supporting  the  adopted  plastic  hinge 
length  of  1.8D 

For  interest,  Fig.  13  plots  moment  profiles  in  the  upper  regions  of  the  piles  for  Piles  F,  E 
and  D,  at  displacements  corresponding  to  full  mechanism  development.  It  will  be  noted 
that  the  in-ground  hinge  forms  much  higher  in  the  longer  piles.  This  is  because  the 
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TABLE  2  PILE  FORCE  DISPLACEMENT  RESPONSE 

DISP 

1  F 

E 

D 

C 

B 

A 

TOTAL 

FED 

CBA 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.4 

53.93 

13.88 

4.15 

1.78 

0.93 

0.55 

129.15 

125.89 

3.26 

0.6 

79.71 

20.82 

6.22 

2.67 

1.4 

0.82 

191.35 

186.46 

4.89 

0.8 

100.19 

27.76 

8.3 

3.56 

1.86 

1.1 

242.96 

236.44 

6.52 

1 

117.38 

34.69 

10.37 

4.45 

2.33 

1.37 

287.97 

279.82 

8.15 

1.2 

123.63 

40.53 

12.44 

5.35 

2.79 

1.65 

310.02 

300.23 

9.79 

1.4 

128 

45.45 

14.52 

6.24 

3.26 

1.92 

327.39 

315.97 

11.42 

1.6 

131.56 

50.04 

16.59 

7.13 

3.72 

2.19 

342.79 

329.75 

13.04 

1.8 

134.94 

54.54 

18.67 

8.02 

4.19 

2.47 

357.77 

343.09 

14.68 

2 

138.14 

58.75 

20.74 

8.91 

4.65 

2.74 

372.07 

355.77 

16.3 

2.2 

140.97 

62.91 

22.16 

9.8 

5.12 

3.02 

384.95 

367.01 

17.94 

2.4 

143.61 

65.8 

23.61 

10.69 

5.58 

3.29 

396.19 

376.63 

19.56 

2.6 

146.29 

67.09 

24.97 

11.58 

6.05 

3.57 

405.84 

384.64 

21.2 

2.8 

148.15 

68.16 

26.31 

12.47 

6.52 

3.84 

413.6 

390.77 

22.83 

3 

148.26 

69.22 

27.63 

13.36 

6.98 

4.11 

417.82 

393.37 

24.45 

3.5 

148.57 

71.54 

30.81 

15.23 

8.14 

4.8 

427.66 

399.49 

28.17 

4 

148.63 

73.8 

33.75 

16.6 

9.31 

5.49 

436.21 

404.81 

31.4 

4.5 

148.71 

76.03 

36.55 

18.06 

10.47 

6.17 

444.7 

410 

34.7 

5 

148.77 

77.65 

38.38 

19.38 

11.38 

6.86 

451.19 

413.57 

37.62 

5.5 

148.81 

77.71 

39.17 

20.68 

12.16 

7.54 

454.88 

414.5 

40.38 

6 

148.84 

77.48 

39.95 

21.97 

12.93 

8.23 

458.24 

415.11 

43.13 

6.5 

148.86 

77.52 

40.74 

23.26 

13.63 

8.85 

461.72 

415.98 

45.74 

7 

148.88 

77.61 

41.71 

24.46 

14.28 

9.3 

465.12 

417.08 

48.04 

7.5 

148.9 

77.61 

42.1 

25.74 

14.98 

9.75 

467.98 

417.51 

50.47 

8 

148.93 

77.61 

42.7 

26.75 

15.68 

10.2 

470.8 

418.17 

52.63 

8.55 

148.95 

77.62 

43.2 

27.2 

16.38 

10.65 

472.95 

418.72 

54.23 

Note:  Total  =  2*F+E+D+C+B+A 
FED  =  2*F+E+D 
CBA  =  C+B+A 

Forces  in  Kips,  Displacement  in  inches 
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FIG.  14  F-LINE  MOMENTS  AT  0.94x  YIELD  DISPLACEME 
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maximum  shear  force  developed  in  the  longer  piles  is  much  less,  and  as  a  consequence, 
less  depth  of  soil  is  required  to  resist  the  pile  shear.  This  sort  of  information  is  only 
available  from  a  frill  inelastic  analysis,  as  carried  out  here. 

Equivalent  Fixity  Model  for  Pushover:  Section  4.5  of  the  calculations  (pp  Cl  8  to 
Cl 9)  investigates  the  equivalent  depth  to  fixity  approach,  and  compares  results  with  the 
more  detailed  inelastic  pushover  analysis.  One  of  the  problems  with  the  depth  to  fixity 
approach  is  to  know  what  value  to  use  for  the  pile  stiffness. 

On  pC18  two  approaches  for  effective  pile  stiffness  are  tried.  The  first  makes  the 
approximation  that  the  pile  effective  moment  of  inertia  is  equal  to  that  of  the  dowel 
connection  stiffness  at  first  yield,  over  the  frill  length  of  the  pile.  It  is  found  that  this 
results  in  an  excessively  flexible  pile,  with  force-deflection  stiffness  only  about  half  of 
that  found  from  the  more  detailed  pile  pushover. 

As  shown  on  pC18,  it  is  found  that  it  is  necessary  to  use  variable  moment  of  inertia  up 
the  height  of  the  pile  in  order  to  accurately  capture  the  elastic  force-displacement 
stiffness.  The  dowel  connection  moment  of  inertia  is  adopted  over  the  top  44in  (plus  the 
strain  penetration  length  of  12in),  with  the  remainder  of  the  pile  being  given  the 
uncracked  section  moment  of  inertia.  This  is  appropriate  since  the  pile  doesn’t  crack 
below  ground  level  before  the  dowel  connection  reaches  yield  moment.  Equations  are 
given  on  pC  18  to  determine  the  position  of  the  point  of  contraflexure  (distance  li  below 
the  effective  top  of  the  pile),  and  hence,  on  pc  19,  to  calculate  the  effective  force- 
displacement  stiffness,  based  on  simple  moment-area  principles.  A  very  close  prediction 
ofthe  actual  stiffness  results.  Fig.14  compares  predicted  moment  distributions  with 
depth  for  the  full  inelastic  push,  and  the  variable-stiffness  equivalent  depth  to  fixity 
model  at  a  displacement  of  0.96in  (94%  of  yield).  It  will  be  seen  that  very  good 
agreement  is  obtained  in  the  upper  regions,  but  the  moments  in  the  region  of  the  in- 
ground  hinge  are  greatly  overestimated  by  the  equivalent  depth  to  fixity  model.  Thus 
even  if  the  depth  at  which  the  in-ground  hinge  develops  can  be  estimated,  the  equivalent 
depth  to  fixity  model  will  predict  that  the  in-ground  hinge  will  develop  too  soon.  This 
would  result  in  underestimating  the  displacement  capacity  based  on  the  in-ground  hinge 
strain  limits. 

Composite  Pushover  Response  for  20ft  Deck  Segment:  The  pile  pushover  responses 
are  summed  in  Table  2  to  provide  the  composite  force-displacement  response  for  a  20ft 
segment  of  bridge,  making  due  allowance  for  the  increased  number  of  piles  on  the  F- 
Line.  These  data  are  also  plotted  in  Fig.  1 5,  together  with  a  bi-linear  approximation  to 
the  curve,  to  be  used  in  later  analyses. 

In  Fig.  16,  and  Table  2,  the  data  in  Fig.  15  are  separated  into  two  components,  one 
representing  the  composite  stiffness  of  the  piles  on  the  F,  E,  and  D  lines,  and  the  other  the 
composite  stiffness  of  the  piles  on  C,  B,  and  A  lines.  Bi-linear  approximations  are  also 
given  for  these  curves.  Data  defining  the  bi-linear  approximations  are  listed  on  pC33, 
and  are  needed  for  the  inelastic  time  history  analyses. 
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METHOD  “A”  ANALYSIS 

Calculations  for  the  single-degree-of-freedom  Method  A  analysis  are  included  in  pages 
C21  to  C23.  This  is  a  purely  hand  analysis  approach,  and  very  simple.  An  initial  period 
of  T  =  0.602  sec  is  predicted,  with  a  maximum  displacement  under  pure  transverse 
excitation  of  3.78  in.  Using  the  displacement  amplification  factor  of  Eqn  3-19  to  account 
for  torsional  excitation  and  simultaneous  longitudinal  and  transverse  response,  a 
maximum  displacement  of  5.23  in.  is  predicted.  This  is  well  within  the  capacity  of  the 
piles  with  W20  spirals  @  2.5  in  centers,  but  above  the  capacity  of  the  less  well  confined 
Wll  @6in  piles.  Displacements  under  the  Level  1  earthquake  are  found  by  direct 
scaling  of  the  results  for  the  Level  2  response,  to  give  an  estimate  of  2. 1 3  in.  This  is  just 
acceptable  for  both  pile  designs. 

It  should  be  noted  that  the  above  assessment  relates  only  to  flexural  response.  It  is 
possible  that  shear  or  joint  failure  could  result  in  a  lower  assessed  displacement  capacity. 
This  is  in  fact  found  to  be  the  case  for  the  W1 1  design. 

METHOD  “B”  ANALYSIS 

The  method  B  multi  mode  analysis  is  carried  out  on  a  single  wharf  segment.  As  pointed 
out  in  theresource  document,  there  is  little  point  in  carrying  out  a  modal  analysis  of  the 
linked  wharves,  as  the  nature  of  the  interface  between  the  segments  cannot  be  adequately 
represented  by  an  elastic  analysis. 

To  simplify  the  analysis,  the  400ft  x  1 10ft  segment,  which  contains  140  piles,  is 
represented  by  an  equivalent  simplified  structure  containing  4  “super  piles”.  These 
provide  equivalent  translational  and  torsional  stiffness  of  the  actual  structure. 
Calculations  on  pp  C24  and  C25  show  how  the  characteristics,  and  locations  of  the  piles 
are  defined. 

The  wharf  segment  is,  of  course,  three  dimensional.  It  is  possible,  however,  to 
adequately  describe  it  by  a  two-dimensional  approximation,  using  a  plan  simulation.  As 
shown  in  the  sketch  at  the  bottom  of  pC25,  the  four  super-piles  are  represented  by  2-D 
horizontal  springs,  providing  the  same  lateral  stif&ess  in  transverse  and  longitudinal 
directions  as  the  tributary  piles  of  the  super-pile.  It  can  be  argued  that  this  may  be 
adequate  for  determining  the  displacement  response  of  the  wharf,  but  will  tell  us  nothing 
about  the  deck  moments.  This  is  true,  but  it  must  also  be  recognized  that  a  full  3-D 
elastic  analysis  of  the  entire  wharf  segment,  with  all  140  piles  separately  modeled,  and 
the  deck  represented  by  a  2-D  grillage,  or  by  a  grid  of  shell  elements,  will  also  tell  us 
nothing  about  the  deck  moments.  The  only  way  of  finding  these  is  from  an  inelastic 
analysis,  and  the  easiest  way  to  do  this  is  to  calculate  the  displacements  at  the  pile  tops 
from  the  simplified  model  described  herein,  and  determine  the  corresponding  pile  top 
moments  from  results  of  the  individual  pile  pushover  analyses.  These  can  then  be 
applied  as  input  moments  to  simpler  models  of  the  deck  to  determine  the  deck  moments. 
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The  model  shown  in  pC25  includes  stiff  linking  members  between  the  super-piles  to 
ensure  effectively  rigid  in-plane  behaviour  of  the  deck. 

The  modal  analysis  of  the  2-D  simulation  was  carried  out  using  Ruaumoko,  though  any 
dynamic  analysis  program  would  be  suitable.  Input  data  for  the  analysis  is  included  in  p 
A-26  of  Appendix  A,  and  the  data  echo  and  modal  results  from  the  analysis  are  listed  in 
pp  A-27  to  A-30.  The  analysis  indicates  three  significant  modes.  The  first  and  third, 
with  periods  of 0.743sec  and  0.503sec  are  longitudinal  modes  combining  direct 
translation  and  torsion.  Participation  factors  of 0.642  are  calculated  for  both  modes.  The 
second  mode,  with  T=0.602  sec  has  100%  participation  in  the  transverse  direction,  and  is 
identical  to  that  calculated  by  the  method  A  analysis. 

Mode  shapes  for  longitudinal  response  are  shown  on  pC26.  These  refer  to  locations  of 
the  “super  piles”.  On  pC27,  the  necessary  calculations  to  convert  these  to  displacements 
at  the  comer  piles  of  the  wharf  segments  are  noted,  with  the  adjusted  mode  displacement 
components  for  the  comer  columns  noted  in  the  table  at  the  top  of  pC28.  Modal 
displacements,  based  on  the  response  spectrum,  modal  period,  and  participation  factor  are 
also  included  in  this  table. 

Some  care  is  needed  in  the  combination  of  these  modal  displacements.  In  the  table  on 
pC28,  the  typical  combination,  where  the  modal  displacement  components  are  combined 
by  a  SRSS  rule  is  also  listed.  Note  that,  as  the  periods  between  the  first  and  third  mode 
are  separated  by  about  40%,  combinations  based  on  a  CQC  approach  will  differ  by  less 
than  3%  from  these  values.  Also  shown  on  this  page  are  the  necessary  hand  calculations 
for  the  1 00%X  +30%Y  and  30%X+1 00%Y  combinations.  It  will  be  noted  that  the  case 
of  100%  X  +  30%Y  results  in  peak  vectorial  displacements  for  the  critical  comer  F-line 
pile  of  6.27in,  some  18%  higher  than  for  the  Method  A  analysis. 

This  discrepancy  does  not  indicate  an  error  in  the  simplified  method  A  analysis,  but  a 
basic,  and  common  flaw  in  the  method  of  modal  combination  adopted  for  Method  B. 

The  modal  displacement  shapes  are  shown  in  plan  on  pC28a.  It  will  be  noted  that  the 
displacement  vectors  of  the  comer  pile  identified  as  pile  F  for  modes  1  and  3  are 
essentially  orthogonal.  Thus  it  is  inconsistent  to  perform  a  SRSS  combination  on  both  X 
and  y  displacement  components  of  the  two  modes  and  expect  them  to  occur 
simultaneously,  as  was  done  in  the  combinations  of  pC28.  In  other  words,  if  the  X 
components  of  the  two  modes  are  added  by  a  SRSS  combination,  the  compatible 
combination  of  the  Y  components  must  be  a  square  root  difference  of  the  squares.  The 
necessary  calculations,  using  a  consistent  combination,  are  earned  out  at  the  bottom  of 
pC28a.  The  resulting  maximum  vectorial  displacement  for  the  comer  pile  on  row  F  is 
now  found  to  be  5.14  in.  This  is  about  3%  less  than  predicted  by  Method  A,  reflecting 
the  conservative  approach  used  to  develop  equation  3-19  which  ignores  torsional  mass 
inertia. 

It  is  thus  concluded  that,  provided  the  modal  combinations  for  Method  B  are  carefully 
done,  results  will  be  very  similar  to  those  from  Method  A. 
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METHOD  “C”  ANALYSIS 

The  method  C  analysis  is  similar  to  the  Method  A  analysis,  but  uses  characteristic 
stiffnesses  and  damping  at  maximum  response,  rather  than  initial  elastic  values,  using  the 
substitute  structure  methodology.  This  requires  a  little  iteration,  since  the  final  stiffness 
will  not  be  known  until  the  final  displacement  is  known.  The  calculations  on  ppC29  to 
C32  show  that  these  calculations  are  rather  straightforward. 

In  the  resource  document,  a  fundamental  approach  is  described  for  estimating  the  level  of 
damping  at  maximum  response.  A  simplified  equation  appropriate  for  Takeda  hysteretic 
response  (which  best  models  pile  inelastic  response)  in  given  at  the  bottom  of  pC29.  A 
simple  modification  factor  to  reduce  the  elastic  5%  response  spectrum  to  the  level 
appropriate  for  the  calculated  level  of  damping  in  given  on  pC30. 

After  2  cycles  of  iteration,  the  peak  displacement  in  the  transverse  direction  is  found  to  be 
4.39  in.  (1 6%  higher  than  with  the  method  A  analysis).  -  see  pC3 1 .  However,  because 
of  softening  of  the  F-line  and  E-line  piles,  the  center  of  stiffness  appropriate  at  maximum 
displacement  response  is  only  39.5ft  from  the  center  of  mass,  compared  with  46.1ft  for 
the  initial  stiffness  calculations.  This  means  that  the  amplification  due  to  torsional 
response  and  combined  X  and  Y  components  is  less  than  for  method  A.  As  a 
consequence,  the  peak  vectorial  displacement  for  the  comer  F-line  pile  is  estimated  at 
5.88  in,  some  10.6%  higher  than  for  Method  A. 

Calculations  are  also  given  for  the  level  1  earthquake  on  pC32.  This  results  in  an  answer 
only  4%  different  from  the  Method  A  predictioa  The  closer  agreement  is  a  result  of 
reduced  ductility  at  the  serviceability  limit  state. 

METHOD  “D”  ANALYSIS 

A  full  inelastic  analysis  of  the  two  linked  wharf  segments  was  carried  out  using  the  plan 
simulation  described  in  the  sketch  on  pC33  of  the  calculations.  Essentially,  this  model 
incorporated  two  segments,  each  the  same  as  used  for  the  Method  B  analysis,  linked  by  a 
central  shear  key.  The  “super-piles”  were  represented  by  bi-linear  inelastic  elements, 
using  the  relationships  of  Fig.16,  defined  on  pC33.  Hysteretic  characteristics  were  based 
on  the  Takeda  degrading  stiffness  model. 

Normally,  with  interacting  wharf  segments,  it  is  necessary  to  represent  the  interactions 
at  the  connecting  movement  joints  with  uni-directional  impact  springs  at  the  comers  to 
represent  restraints  impose  by  geometry  as  the  movement  joint  tends  to  open  and  close, 
wedging  at  the  comers.  With  two  identical  segments  this  is  not  necessary,  as 
considerations  of  antisymmetry  indicate  that  the  two  segments  on  opposite  sides  of  the 
movement  joints  movement  joints  will  always  rotate  an  identical  amount,  thus  completely 
avoiding  impact. 

The  level  of  elastic  viscous  damping  to  be  used  requires  careful  consideration  in  an 
inelastic  analysis.  In  most  computer  programs,  this  is  largely  related  to  the  initial 
stiffness.  This  can  greatly  overestimate  the  effective  damping  at  high  levels  of  inelastic 
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response.  To  provide  a  reasonable  simulation  of  the  elastic  damping  assumed  for  the 
Method  B  analysis,  which  was  5%  related  to  the  secant  stiffness  to  maximum  response, 
an  elastic  damping  level  of  2%  was  chosen,  since  Ruaumoko  adopted  a  Rayleigh 
damping  (mixed  initial  stiffness  and  mass  proportional  damping). 

Excitation  was  provided  by  scaling  the  1940  El  Centro  record  by  a  factor  of  1.5.  This 
provided  a  peak  ground  acceleration  of  about  0.5g  in  the  NS  component  of  the  record, 
and  reasonably  good  matching  with  the  design  spectrum  in  the  critical  0.5  -1.0  sec. 
range.  The  model  was  subjected  to  three  different  analyses:  pure  transverse  response  to 
the  NS  component,  pure  longitudinal  response  to  the  NS  component,  and  dual  response  to 
simultaneous  excitation  of  the  NS  component  in  the  longitudinal  direction  and  the  EW 
component  in  the  transverse  direction.  The  scaling  factor  of  1.5  was  used  for  all 
components  in  all  analyses. 

Input  data,  and  the  data  echo  for  the  analyses  are  provided  in  Appendix  A,  pp  A-31  to  A- 
38. 

Results  of  Analyses:  Selected  results  of  the  analyses  are  shown  in  graphical  form  in 
Figs  17  to  25.  Transverse  response  to  1 .5xEl  Centro  NS,  shown  in  Fig.  1 7 ,  results  in  a 
peak  displacement  of  4.36  in.  This  compares  with  predicted  peaks  of  3.78  in  from 
Methods  A  and  B,  and  4.27  in  for  Method  C. 


Response  under  longitudinal  excitation  is  summarized  in  Figs  18  and  19.  Note  that  the 
displacements  plotted  are  at  the  “super-pile”  locations,  and  need  extrapolation  to  the 
comer  piles  to  obtain  peak  values.  Peak  longitudinal  response,  extrapolated  to  the  comer 
piles  using  the  relationship  developed  on  pC27  is  3.71  in  on  Line  F  and  4.36  in.  on  Line 
A.  Peak  transverse  displacements  at  the  comers  furthest  away  from  the  shear  key, 
extrapolated  from  the  Node  1  and  Node  3  displacements  of  2.132in  and  0.566  in 
respectively  are  2.712in.  These  are  less  than  the  Method  B  values  based  on  conventional 
SRSS  analysis  of 4.595in  (pC28)  or  on  rational  combination,  of 3.324in  (pC28a).  The 
differences  are  largely  due  to  the  differences  in  geometry  imposed  by  considering  two 
linked  wharf  segments,  rather  than  a  single  stand  alone  segment. 

Maximum  shear  key  force  between  the  segments,  shown  in  Fig.20,  is  1801  kips.  This  is 
about  1 5%  higher  than  predicted  using  Eqn  3-20. 

Figures  21  and  22  plot  the  longitudinal  and  transverse  response,  respectively,  when  the 
two-segment  model  is  subjected  to  simultaneous  excitation  in  the  longitudinal  (El  Centro 
NS  xl.5)  and  transverse  (El  Centro  EW  xl.5)  directions.  Comparison  of  Figs  18  and  21 
indicates  that  in  this  case  longitudinal  response  is  not  increased  by  dual  axis  excitation. 
On  the  other  hand,  comparing  figures  22  and  19,  we  see  that  transverse  response  is 
significantly  increased,  and  occurs  at  a  different  time  from  the  single  axis  case. 

Shear  key  forces  under  dual  excitation  are  plotted  in  Fig.23,  and  are  found  to  be  lower 
than  for  the  single  axis  excitation  (Fig.20).  The  peak  values  of  about  1490  kips  are  very 
close  to  the  prediction  of  Eqn.3-20. 
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FIG. 25  DUAL  EXCITATION,  NODE  X  VECTOR  DISPLACEMENT  MAGNITUDE 
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It  is  also  of  interest  to  combine  the  X  and  Y  components  of  response  to  obtain  peak 
vectorial  displacements.  Fig.24  plots  longitudinal  (solid  line)  and  transverse  (dashed 
line)  for  the  same  node  under  dual  axis  excitation.  It  will  be  noted  that  the  peak 
longitudinal  and  transverse  response  tend  not  to  coincide  in  time.  The  final  figure  (Fig. 
25)  plots  the  absolute  magnitude  of  Node  1  displacement,  found  from  the  SRSS  of  the 
longitudinal  and  transverse  components  in  Fig.  24.  All  displacements  are  thus  positive, 
and  no  information  is  provided  about  the  vectorial  direction  of  response.  However,  it  is 
of  interest  that  the  peak  vectorial  displacement,  of  4.56  in.,  is  only  7%  larger  than  the 
peak  Y  axis  response  of  Fig.24,  and  is  much  less  than  any  of  the  predictions  of  the 
simplified  models.  Not  too  much  should  be  read  into  this  result,  as  considerable 
differences  could  occur  if  a  different  pair  of  earthquake  records  had  been  used  as 
excitation,  but  it  perhaps  illustrates  the  advantages  of  using  the  more  sophisticated 
Method  D  analysis. 

PILE  SHEAR  STRENGTH 

Calculations  comparing  pile  shear  strength  and  capacity  are  included  in  pp  C36  to  C40. 
Separate  calculations  are  provided  for  the  two  different  cases  of  spiral  confinement  (W20 
@  2.5in  and  W1 1  @  6in). 

Shear  demand  is  found  from  the  calculated  maximum  displacement  demand,  and  the  pile 
pushover  analyses.  Since  the  F-line  piles  are  critical,  only  this  line  is  considered. 
Conservatively,  the  calculated  peak  shear  force  is  amplified  by  a  factor  of  1.4,  as 
suggested  in  the  resource  document,  to  cope  with  the  possibility  of  material  strengths 
exceeding  design  values,  and  soil  strength  also  exceeding  design  values.  The  latter  is  a 
very  significant  possibility,  since  it  would  force  the  in-ground  plastic  hinge  to  form 
higher  in  the  pile,  thus  increasing  the  pile  shear  force. 

Shear  strength  is  found  from  the  combination  of  concrete,  truss,  and  axial  force 
contributions.  The  first  requires  that  the  curvature  ductility  be  calculated,  as  shown  on 
p37.  Since  the  critical  plastic  hinge  forms  at  the  top  of  the  pile,  it  would  be  unwise  to 
consider  the  beneficial  influence  of  prestress  in  the  axial  force  contribution. 

Results  from  the  calculations  indicate  that  the  pile  confined  with  W20  @  2.5  in.  has 
adequate  shear  strength,  but  that  shear  failure  of  the  less  well  confined  W1 1  @  6in  is 
certain  before  the  displacement  capacity  is  reached.  Recall  that  the  displacement 
capacity  corresponding  to  flexural  failure  was  3. 63 in  for  this  pile,  and  was  less  than  the 
displacement  demand.  On  p40  calculations  are  included  to  show  how  the  displacement 
at  shear  failure  of  the  W1 1  pile  can  be  estimated.  The  best-estimate  is  for  a  displacement 
of  2.05 in,  though  shear  failure  could  occur  at  as  low  a  displacement  as  1 .05  in.,  if  shear 
demand  is  at  the  maximum  feasible  value. 
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CONNECTION  STRENGTH 

Calculations  to  determine  the  performance  of  the  two  connection  details  illustrated  in 
Fig.  3  are  included  in  ppC41  to  C43.  In  both  cases  it  is  found  that  the  anchorage  length  is 
satisfactory  (though  if  checked  by  ACI  rules,  both  would  fail).  Joint  shear  strength  for 
the  detail  with  special  joint  shear  reinforcement  is  found  to  be  satisfactory,  and  no  joint 
shear  problems  will  occur.  The  detail  of  Fig.  3(b)  is  found  to  be  marginal,  but  joint  shear 
failure  is  likely  as  the  ductility  increases.  Calculations  to  estimate  the  degradation  of 
moment  capacity  at  the  pile  top  with  increasing  joint  rotation  are  included  on  pC43.  Note 
that  in  this  case  the  potential  for  joint  failure  is  less  serious  than  the  pile  shear  failure, 
which  would  dominate  the  assessment  conclusion. 
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SEISMIC  ASSESSMENT  OF  A 
TWO-SEGMENT  MARGINAL  WHARF 

COMPUTER  INPUT/OUTPUT  APPENDIX 


Note: 

•  Data  listed  on  pAl  for  the  moment-curvature  analyses  include  tendon  locations 
defined  by  distance  from  the  tensile  edge  of  the  section.  Since  there  are  two  tendons 
at  each  of  the  8  distances  (see  Fig.2,  e.g.)  the  tendon  areas  given  are  for  two  tendons 
at  each  location. 

•  The  analysis  program  expects  some  mild  steel  in  the  section.  A  nominal  minimal 
value  of  0.01  in2  has  been  assumed.  This  will  have  negligible  influence  on  the 
computed  moment-curvature  response. 

•  Refer  to  Fig.2  for  section  dimensions  of  the  typical  pile. 

•  Analyses  are  carried  out  for  piles  with  W20  (area  =0.2  in2)  wire  spirals  at  2.5”,  and 
W1 1  (area  =  0.1 1  in2)  wire  spirals  at  6”.  In  each  case,  three  levels  of  axial  load  are 
considered:  0  (actually  0.5  kips,  sine  the  program  has  problems  with  convergence 
criteria  when  zero  axial  load  is  specified),  100  kips,  and  200  kips.  This  range 
exceeds  the  range  of  expected  axial  loads.  For  intermediate  load  values,  data  are 
found  by  interpolation 


NfW>ttri^ 


CIRCULAR  COLUMNS  -  MANDER 
CIRCULAR  COLUMNS  -  MANDER 


FILE  NAME  :  NAVDAT1 

INPUT  DAT  A(kips-in-unit) 

DIAMETER  OF  SECTION  (in) 

COVER  TO  MAIN  STEEL  (in) 

STEEL  STRENGTH  (ksi) 

YOUNG'S  MODULUS  (ksi) 

CONCRETE  STRENGTH  (ksi) 

APPLIED  MOMENT (kipsin) 
APPLIED  AXIAL  LOAD  (kips) 

MAIN  BAR  DIAMETER  (in) 

TOTAL  STEEL  AREA  (sq  in) 

TIE  DIAMETER  (in) 

TIE  SPACING  ( in) 

TIE  STRENGTH  (ksi) 

NUMBER  OF  SEGMENTS 
ITERATION  ACCURACY 


24.00 

3.50 

66.00  (  high  strength  steel  )  ' 

29000 
7.00 

0 

100.0 

1.00 

0.10. 

0.51 

2.50 

70.00  (  spirals  ) 

30 

0.0010 


1WWT 

pne* Tfcesssfc  ptLE 
woo  <2 


THE  PRESTRESSED  TENDON  NUMBER  IS 


8 


Point 

1 

Point 

2 

Point 

3 

Point 

4 

Point 

5 

Point 

6 

Point 

7 

Point 

8 


y  (in) 
20.042 

y  (in) 
18.818 

y  (in) 
16.556 

y(in) 

13.600 

y  (in) 
10.400 

y  (in) 
7.444 

y  (in) 
5.182 

y  (in) 
3.958 


area (sqin) 
0.43 

area ( sqin) 
0.43 

area (sqin) 
0.43 

area (sqin) 
0.43 

area (sqin) 
0.43 

area (sqin) 
0.43 

area (sqin) 
0.43 

area (sqin) 
0.43 


Prestressed  Steel  Material  Properties 


-R\ 


1)  Initial  steel  Stress  (fsi)  (ksi) 

2)  Yield  stress  (fpy)  (ksi) 

3)  young's  modulus  (Es)  (ksi) 

4)  Ultimate  steel  strength  (fpu)  (ksi) 

5)  Ultimate  steel  strain  (Epu) 


154 

216 

29000 

270 

0.06 


CIRCULAR  COLUMNS  - 
CIRCULAR  COLUMNS  - 


FILE  NAME  :  p3dat 


MANDER 

MANDER 


MOMENT  CURVATURE  ANALYSIS  RESULT  S (kips -in-unit) 


CYCLE  CONC . 

NO.  STRAIN 


N.  A. 
DEPTH 
(in) 


STEEL 

STRAIN 


TENDON 

STRESS 

(ksi) 


TENDON 

STRAIN 


M .  CURVATURE 
—  (Kips -in)  < 


1 

0.001000 

15.12 

-0.000323 

2 

0.001100 

14.17 

-0.000452 

3 

0.001200 

13.40 

-0.000591 

4 

0.001300 

12.75 

-0.000739 

5 

0.001400 

12.21 

-0.000892 

6 

0 . 001500 

11.76 

-0.001052 

7 

0.001600 

11.37 

-0.001215 

8 

0.001800 

10.75 

-0.001550 

9 

0.002000 

10.35 

-0.001866 

10 

0.002500 

9.58 

-0.002722 

11 

0.003000 

9.15 

-0.003554 

12 

0.003500 

8.92 

-0.004347 

13 

0.004000 

8.84 

-0.005047 

14 

0.004500 

8.79 

-0.005742 

15 

0.005000 

8.77 

-0.006397 

16 

0.006000 

8.82 

-0.007601 

17 

0.007000 

8.92 

-0 . 008697 

18 

0.008000 

8.98 

-0.009817 

19 

0.009000 

9.00 

-0.011007 

20 

0.010000 

8.96 

-0.012331 

21 

0.012000 

8.90 

-0.014955 

22 

0.014000 

8.74 

-0.018036 

23 

0.016000 

8.61 

-0.021152 

24 

0.018000 

8.49 

-0.024395 

25 

0.020000 

8.39 

-0.027676 

26 

0.022000 

8.29 

-0.031085 

27 

0.024000 

8.20 

-0.034563 

28 

0.026000 

8.13 

-0.037975 

29 

0.028000 

8.10 

-0.041128 

-171.58 

-  .00591 

3962.232 

0 . 000066 

-175.35 

-  .00604 

4243.606 

0.000078 

-179.39 

-.00618 

4493.671 

0.000090 

-183.68 

-  .00633 

4719.226 

0.000102 

-188.16 

-.00648 

4925.115 

0.000115 

-192.80 

-.00664 

5115.077 

0.000128 

-197.56 

-  .00681 

5290.410 

0.000141 

-207.31 

- .00714 

5607.202 

0.000168 

-231.48 

-  .00746 

5952.772 

0.000193 

-232.36 

-  .00832 

6374.290 

0.000261 

-233.22 

- .00915 

6538.893 

0.000328 

-234.04 

-  .  00995 

6548.993 

0.000392 

-234.76 

-.01065 

6523.485 

0.000452 

-235.48 

- .01135 

6434.651 

0.000512 

-236.15 

- . 01201 

6334.542 

0.000570 

-237.40 

-  .01322 

6112.454 

0.000680 

-238.53 

-.01432 

5878.963 

0.000785 

-239.68 

-.01544 

5717.336 

0.000891 

-240.91 

-.01664 

5634.444 

0.001000 

-242.28 

-.01796 

5631.286 

0.001117 

-244 . 99 

- .02060 

5671.684 

0.001348 

-248.17 

- .02369 

5771.917 

0.001602 

-251.38 

-.02682 

5869.569 

0.001858 

-254.73 

- .03007 

5976.632 

0.002120 

-258.11 

- .03336 

6078.866 

0.002384 

-261.63 

- .03678 

6184.981 

0.002654 

-265.22 

- . 04027 

6289.495 

0 . 002928 

-268.74 

- . 04370 

6379.204 

0.003199 

-271.99 

- . 04686 

6435.690 

0.003456 

CONCRETE  STRAIN  EXCEEDS  MAXIMUM 


CALCULATED  IDEAL  MOMENT  6549  (kipsin)  EQUALS  MAXIMUM  MOMENT 


MAXIMUM  NUMBER  OF  CYCLES 
MAXIMUM  CONCRETE  STRAIN 
80%  OF  MAXIMUM  MOMENT 
STEEL  LIMIT  STRAIN 
ITERATION  ACCURACY 
STRAIN  HARDENING  OF  STEEL 


36 

0.02638 

5239.2  (kipsin) 
0.120000 
0.001 

YES 


APPLIED  AXIAL  LOAD  : 


100.0  (kips) 


uuncp 


CIRCULAR  COLUMNS 
CIRCULAR  COLUMNS 


FILE  NAME  :  p3dat 


MANDER 

MANDER 


MOMENT  CURVATURE  ANALYSIS 


RESULT  S (kips-in-unit) 


CYCLE  CONC . 

NO.  STRAIN 


1 

0.001000 

2 

0.001100 

3 

0.001200 

4 

0.001300 

5 

0.001400 

G 

0.001500 

1 

0.001600 

8 

0.001800 

9 

0 . 002000 

10 

0 . 002500 

11 

0.003000 

12 

0.003500 

13 

0.004000 

14 

0 . 004500 

15 

0.005000 

16 

0.006000 

17 

0.007000 

18 

0.008000 

19 

0.009000 

20 

0.010000 

21 

0.012000 

22 

0.014000 

23 

0.016000 

24 

0.018000 

25 

0.020000 

26 

0.022000 

27 

0.024000 

N.A. 

DEPTH 

(in) 

STEEL 

STRAIN 

13.37 

-0.000496 

12.58 

-0.000649 

11.94 

-0.000810 

11.40 

-0.000980 

10.95 

-0.001156 

10.58 

-0.001337 

10.25 

-0.001521 

9.75 

-0.001894 

9.45 

-0 . 002235 

8.75 

-0.003214 

8.35 

-0.004185 

8.18 

-0.005055 

8.09 

-0.005893 

8.06 

-0.006666 

8.07 

-0.007387 

8.16 

-0.008702 

8.29 

-0 . 009886 

8.40 

-0.011049 

8.44 

-0.012327 

8.42 

-0.013753 

8.35 

-0.016731 

8.22 

-0.020056 

8.11 

-0.023462 

8.02 

-0.026912 

7.92 

-0.030475 

7.85 

-0.034070 

7.78 

-0.037696 

TENDON 

TENDON 

STRESS 

STRAIN 

(ksi) 

-175.35 

-  .00604 

-179.78 

-  .00620 

-184.50 

-.00636 

-189.44 

-  .00653 

-194.56 

-.00670 

-199.82 

-.00689 

-205.18 

-  .00707 

-216.04 

-.00744 

-231.81 

-  .00779 

-232.82 

-.00877 

-233.83 

-.00974 

-234.72 

- .01062 

-235.59 

-.01146 

-236.38 

-.01223 

-237.13 

- .01296 

-238.49 

-.01428 

-239.71 

-.01546 

-240.91 

-.01663 

-242.23 

- .01791 

-243.70 

-.01935 

-246.77 

-.02233 

-250.20 

- .02567 

-253.72 

-.02909 

-257.28 

-.03255 

-260.95 

-.03612 

-264.66 

-.03973 

-268.40 

-.04337 

M.  CURVATURE 


^-(Kip 

s~±n)(M 

3801.637 

0.000075 

4038.789 

0.000087 

4255.102 

0.000101 

4455.188 

0.000114 

4642.206 

0.000128 

4817 . 933 

0.000142 

4983.860 

0.000156 

5289.355 

0.000185 

5646.945 

0.000212 

5983.429 

0.000286 

6089.422 

0.000359 

6125.073 

0.000428 

6073.427 

0.000495 

6000 . 949 

0.000558 

5916.280 

0.000619 

5722 . 998 

0.000735 

5514.483 

0.000844 

5409.933 

0.000952 

5306.780 

0.001066 

5281.735 

0.001188 

5294.421 

0.001437 

5381.572 

0.001703 

5475.551 

0.001973 

5569.944 

0.002246 

5672.792 

0.002524 

5773.102 

0.002804 

5871.611 

0.003085 

PRESTRESS  TENDON  STRAIN  EXCEED  MAXIMUM 


CALCULATED  IDEAL  MOMENT  6125  (kipsin)  EQUALS  MAXIMUM  MOMENT 


MAXIMUM  NUMBER  OF  CYCLES 
MAXIMUM  CONCRETE  STRAIN 
80%  OF  MAXIMUM  MOMENT 
STEEL  LIMIT  STRAIN 
ITERATION  ACCURACY 
STRAIN  HARDENING  OF  STEEL 


36 

0 . 02638 

4900.1  (kipsin) 
0.120000 
0.001 

YES 


APPLIED  AXIAL  LOAD 


0.5  (kips) 


vun* 


CIRCULAR  COLUMNS  -  MANDER 
CIRCULAR  COLUMNS  -  MANDER 


FILE  NAME 


MOM 

ENT  C  U 

R  V  A  T  U 

RE  ANA 

LYSIS 

CYCLE 

CONC. 

N.A. 

STEEL 

TENDON 

NO. 

STRAIN 

DEPTH 

STRAIN 

STRESS 

(in) 

(ksi) 

1 

0.001000 

16.90 

-0.000183 

-168.79 

2 

0.001100 

15.79 

-0.000293 

-171.99 

3 

0.001200 

14.88 

-0.000413 

-175.47 

4 

0.001300 

14.13 

-0.000540 

-179.18 

5 

0.001400 

13.50 

-0.000675 

-183.10 

6 

0.001500 

12.96 

-0.000815 

-187 . 19 

7 

0.001600 

12.50 

-0.000960 

-191.41 

8 

0.001800 

11.77 

-0.001259 

-200.12 

9 

0.002000 

11.23 

-0.001564 

-208.99 

10 

0.002500 

10.43 

-0 . 002292 

-231.96 

11 

0.003000 

9.96 

-0.003022 

-232.72 

12 

0.003500 

9.68 

-0.003733 

-233.45 

13 

0 . 004000 

9.54 

-0.004387 

-234.12 

14 

0.004500 

9.51 

-0.004962 

-234.72 

15 

0.005000 

9.47 

-0.005556 

-235.33 

16 

0.006000 

9.48 

-0.006656 

-236.47 

17 

0 . 007000 

9.55 

-0.007666 

-237.51 

18 

0.008000 

9.58 

-0.008702 

-238.58 

19 

0.009000 

9.57 

-0.009800 

-239.71 

20 

0 . 010000 

9.51 

-0.011037 

-240.99 

21 

0.012000 

9.38 

-0.013592 

-243.63 

22 

0 . 014000 

9.24 

-0.016313 

-246.44 

23 

0.016000 

9.12 

-0.019103 

-249.31 

24 

0.018000 

8.98 

-0.022078 

-252.38 

25 

0 . 020000 

8.85 

-0.025190 

-255.60 

26 

0 . 022000 

8.74 

-0 . 028356 

-258.86 

27 

0 . 024000 

8.64 

-0.031552 

-262.16 

28 

0 . 026000 

8.60 

-0 . 034498 

-265.20 

29 

0 . 028000 

8.55 

-0.037467 

-268.26 

R  E  S  U 

TENDON 

STRAIN 

L  T  S (kips-in-unit) 

M .  CURVATURE 

^ - (Kips-in )(,l^  ( 

- .00582 

4020.751 

0.000059 

- .00593 

4360.157 

0.000070 

- .00605 

4654.633 

0.000081 

- .00617 

4915.086 

0.000092 

- .00631 

5148.299 

0.000104 

- .00645 

5359.383 

0.000116 

- .00660 

5551.418 

0.000128 

- . 00690 

5887.797 

0.000153 

- . 00720 

6171.601 

0 . 000178 

- .00793 

6748.780 

0.000240 

- .00866 

6943.561 

0.000301 

- .00938 

6940.851 

0.000362 

-.01003 

6881.358 

0.000419 

- .01061 

6822.879 

0 . 000473 

- .01121 

6709.243 

0 . 000528 

- .01231 

6460.772 

0.000633 

-.01333 

6204.286 

0.000733 

- .01437 

6032.077 

0.000835 

-.01547 

5940.588 

0.000940 

-.01671 

5944 . 833 

0.001052 

-.01928 

5994.021 

0.001280 

-  .02201 

6105.762 

0.001516 

-  .02481 

6233.654 

0.001755 

-  .02779 

6343.150 

0.002004 

- .03092 

6457.902 

0.002260 

-  .03409 

6568.154 

0.002518 

-.03730 

6677.872 

0.002778 

-  .04026 

6739.610 

0.003025 

-.04324 

6800.627 

0.003273 

CONCRETE  STRAIN  EXCEEDS  MAXIMUM 


CALCULATED  IDEAL  MOMENT  6944  (kipsin)  EQUALS  MAXIMUM  MOMENT 


MAXIMUM  NUMBER  OF  CYCLES 
MAXIMUM  CONCRETE  STRAIN 
80%  OF  MAXIMUM  MOMENT 
STEEL  LIMIT  STRAIN 
ITERATION  ACCURACY 
STRAIN  HARDENING  OF  STEEL 


36 

0.02638 

5554.8  (kipsin) 
0.120000 
0.001 

YES 


APPLIED  AXIAL  LOAD  : 


200.0  (kips) 


D1 


CIRCULAR  COLUMNS  -  MANDER 
CIRCULAR  COLUMNS  -  MANDER 


FILE  NAME 


W1  |PR£gTg£S$gD  P/^g,  p=/g>Qkt>?,  W/!a<g" 


MOMENT 


CURVATURE  ANALYSIS 


RESULT  S (kips-in-unit) 


CYCLE  CONC.  N. A. 

NO .  STRAIN  DEPTH 

(in) 


1  0.001000  15.00 

2  0.001100  14.07 

3  0.001200  13.30 

4  0.001300  12.66 

5  0.001400  12.13 

6  0.001500  11.68 

7  0.001600  11.29 

8  0.001800  10.68 

9  0.002000  10.28 

10  0.002500  9.52 

11  0.003000  9.11 

12  0.003500  8.89 

13  0.004000  8.83 

14  0.004500  8.80 

15  .0.005000  8.82 

16  0.006000  8.95 

17  0.007000  9.14 

18  0.008000  9.30 

19  0.009000  9.43 

20  0.010000  9.46 

21  0.012000  9.51 


STEEL  TENDON  TENDON 

STRAIN  STRESS  STRAIN 

(ksi) 


-0.000333 

-171.88 

-.00592 

-0.000464 

-175.69 

-.00605 

-0.000605 

-179.78 

-.00620 

-0.000753 

-184.11 

-  .  00634 

-0.000909 

-188.64 

-.00650 

-0.001070 

-193.32 

-.00666 

-0.001234 

-198.12 

-  .  00683 

-0.001572 

-207.94 

- . 00717 

-0.001891 

-231.50 

-.00749 

-0.002751 

-232.39 

-.00835 

-0.003586 

-233.25 

-.00919 

-0.004370 

-234.06 

- . 00997 

-0.005055 

-234.77 

-.01066 

-0.005722 

-235.46 

-.01133 

-0 . 006334 

-236.09 

- . 01194 

-0.007411 

-237.20 

-.01303 

-0.008319 

-238.14 

- .01394 

-0.009197 

-239.05 

-.01482 

-0.010098 

-239.98 

-.01572 

-0.011137 

-241.05 

- .01677 

-0.013239 

-243.22 

-.01888 

M .  CURVATURE 


3988.687 

4268.903 

4518.150 

4743.077 

4948.569 

5138.104 

5313.417 

5630.041 

5972.608 

6388.429 

6547.490 

6549.786 

6514.478 

6412.066 

6294.172 

6023.145 

5722.381 

5484.261 

5321.291 

5262.970 

5205.831 


0.000067 
0 . 000078 
0.000090 
0.000103 
0.000115 
0.000128 
0.000142 
0.000169 
0.000195 
0 . 000263 
0 . 000329 
0 . 000394 
0.000453 
0.000511 
0.000567 
0.000671 
0.000766 
0 . 000860 
0.000955 
0.001057 
0.001262 


MOMENT  LESS  THAN  80%  OF  MAXIMUM  MOMENT 


CALCULATED  IDEAL  MOMENT  6550  (kipsin)  EQUALS  MAXIMUM  MOMENT 

MAXIMUM  NUMBER  OF  CYCLES 
MAXIMUM  CONCRETE  STRAIN 
80%  OF  MAXIMUM  MOMENT 
STEEL  LIMIT  STRAIN 
ITERATION  ACCURACY 
STRAIN  HARDENING  OF  STEEL 

100.0  (kips) 


36 

0.01113 

5239.8  (kipsin) 
0.120000 
0.001 

:  YES 


-  /Re¬ 


applied  AXIAL  LOAD 


CIRCULAR  COLUMNS  -  MANDER 
CIRCULAR  COLUMNS  -  MANDER 


FILE  NAME  :  N1 


w>ltP 


MOM 

CYCLE 

No. 

ENT  C  U 

CONC. 

STRAIN 

R  V  A  T  U 

N.A. 

DEPTH 

(in) 

RE  ANA 

STEEL 

STRAIN 

LYSIS 

TENDON 

STRESS 

(ksi) 

R  E  S  U 

TENDON 

STRAIN 

L  T  S (kips -in-unit) 

M .  CURVATUR 

1 

0 . 001000 

13.28 

-0 . 000506 

-175.63 

- .00605 

3819.927 

0.000075 

2 

0 .001100 

12.50 

-0.000660 

-180.11 

-  .00621 

4056.698 

0 . 000088 

3 

0 . 001200 

11.86 

-0 . 000823 

-184.86 

-  .00637 

4272.801 

0 . 000101 

4 

0 . 001300 

11.33 

-0.000994 

-189.84 

-  .00654 

4472.752 

0 . 000115 

5 

0 . 001400 

10.89 

-0.001171 

-195.00 

-.00672 

4659.840 

0.000129 

6 

0 . 001500 

10.51 

-0.001353 

-200.30 

-.00690 

4835.761 

0 .000143 

7 

0 . 001600 

10.20 

-0.001539 

-205.70 

-.00709 

5001.859 

0.000157 

8 

0 . 001800 

9.74 

-0 . 001898 

-231.47 

-  .00745 

5399.689 

0 . 000185 

9 

0 . 002000 

9.39 

-0.002259 

-231.84 

-  .00781 

5660.275 

0 . 000213 

10 

0 . 002500 

8.70 

-0.003245 

-232.85 

-.00880 

5993.485 

0 . 000287 

11 

0 . 003000 

8.32 

-0.004214 

-233.85 

-  .00977 

6094.247 

0 .000361 

12 

0.003500 

8.16 

-0.005083 

-234.75 

-.01064 

6127.998 

0 . 000429 

13 

0.004000 

8.07 

-0.005908 

-235.60 

-.01147 

6070.311 

0 . 000495 

14 

0.004500 

8.07 

-0.006658 

-236.38 

-  .01222 

5988.771 

0 . 000558 

15 

0.005000 

8.10 

-0.007343 

-237 . 08 

-.01291 

5891.595 

0 . 000617 

16 

0 . 006000 

8.25 

-0.008544 

-238.32 

-  .01412 

5662.515 

0 . 000727 

17 

0 . 007000 

8.46 

-0.009558 

-239.37 

-  .  01514 

5402.531 

0 . 000828 

18 

0 . 008000 

8.63 

-0.010531 

-240.37 

-  .01611 

5189.807 

0 . 000927 

19 

0 .009000 

8.75 

-0.011572 

-241.45 

-  .01716 

5063.196 

0 . 001029 

20 

0 . 010000 

8.82 

-0.012687 

-242.60 

-  .01828 

4996.399 

0 .001134 

21 

0 . 012000 

8.93 

-0 . 014861 

-244.85 

-  .02046 

4944.998 

0 . 001343 

CONCRETE  STRAIN  EXCEEDS  MAXIMUM 


CALCULATED  IDEAL  MOMENT  6128  (kipsin)  EQUALS  MAXIMUM  MOMENT 


MAXIMUM  NUMBER  OF  CYCLES 
MAXIMUM  CONCRETE  STRAIN 
80%  OF  MAXIMUM  MOMENT 
STEEL  LIMIT  STRAIN 
ITERATION  ACCURACY 
STRAIN  HARDENING  OF  STEEL 


36 

0.01113 

4902.4  (kipsin) 
0.120000 
0.001 

YES 


APPLIED  AXIAL  LOAD 


0.5  (kips) 


D2 


CIRCULAR  COLUMNS  -  MANDER 
CIRCULAR  COLUMNS  -  MANDER 


FILE  NAME  :  N1 


PRegrgessgp  pi  lb  f  K»la>  ^  J 


MOMENT  CURVATURE  ANALYSIS 


RESULT  S (kips-in-unit) 


CYCLE  CONC . 
NO .  STRAIN 


0.001000 
0.001100 
0.001200 
0.001300 
0.001400 
0 . 001500 
0.001600 
0.001800 
0.002000 
0.002500 
0.003000 
0.003500 
0 . 004000 
0.004500 
0.005000 
0.006000 
0.007000 
0.008000 
0.009000 


N.A.  STEEL  TENDON 

DEPTH  STRAIN  STRESS 

(in)  (ksi) 


TENDON 

STRAIN 


CURVATURE 


16.76 
15 . 66 

14.76 
14.01 

13.39 

12.86 

12.40 
11.68 
11.15 
10.37 

9.91 

9.65 

9.54 

9.54 

9.55 
9.65 
9.83 
9.98 

10.09 


-0.000194 
-0.000305 
-0.000426 
-0.000555 
-0.000692 
-0.000833 
-0.000980 
-0.001281 
-0.001588 
-0.002323 
-0.003052 
-0.003755 
-0 . 004389 
-0.004930 
-0.005476 
-0.006436 
-0.007244 
-0.008024 
-0.008840 


-169.09 

-172.34 

-175.87 

-179.63 

-183.59 

-187.73 

-191.99 

-200.77 

-209.71 

-231.99 

-232.75 

-233.47 

-234.13 

-234.69 

-235.25 

-236.24 

-237.08 

-237.88 

-238.72 


.00583 
.00594 
.  00606 
.00619 
.00633 
.00647 
.00662 
.  00692 
.  00723 
.00796 
.00870 
.00940 
.01004 
.01058 
.01113 
.01209 
.01290 
.01369 
.01451 


4057. 
4395. 
4687. 
4946. 
5179. 
5389. 
5580. 
5915  . 
6198  . 
6766  . 
6952  . 
6940  . 
6866. 
6786  . 
6648  . 
6334. 
5992. 
5725  . 
5550  , 


.000060 
.000070 
.000081 
.000093 
.000105 
. 000117 
. 000129 
. 000154 
. 000179 
.000241 
.000303 
. 000363 
.  000419 
. 000471 
. 000524 
. 000622 
.000712 
.000801 
1.000892 


MOMENT  LESS  THAN  80%  OF  MAXIMUM  MOMENT 


CALCULATED  IDEAL  MOMENT  6952  (kipsin)  EQUALS  MAXIMUM  MOMENT 


MAXIMUM  NUMBER  OF  CYCLES 
MAXIMUM  CONCRETE  STRAIN 
80%  OF  MAXIMUM  MOMENT 
STEEL  LIMIT  STRAIN 
ITERATION  ACCURACY 
STRAIN  HARDENING  OF  STEEL 

APPLIED  AXIAL  LOAD 


36 

0.01113 

5561.8  (kipsin) 
0.120000 
0.001 

YES 

200.0  (kips) 


-AS- 


CIRCULAR  COLUMNS  -  MANDER 
CIRCULAR  COLUMNS  -  MANDER 


FILE  NAME  :  N2 

INPUT  DAT  A (kips -in-unit) 

DIAMETER  OF  SECTION  (in)  :  24.00 

COVER  TO  MAIN  STEEL  (in)  :  3.65 


STEEL  STRENGTH  (ksi)  : 
YOUNG'S  MODULUS  (ksi)  : 
CONCRETE  STRENGTH  (ksi)  : 

APPLIED  MOMENT (kips in)  : 
APPLIED  AXIAL  LOAD  (kips)  : 

MAIN  BAR  DIAMETER  (in)  : 
TOTAL  STEEL  AREA  (sq  in)  : 

TIE  DIAMETER  (in)  : 

TIE  SPACING  (in)  : 
TIE  STRENGTH  (ksi)  : 


66.00  (  high  strength  steel  ) 
29000 
7.00 

0 

100.0 

1.27  ' 

10.16  * 

0.51* 

2.50 

70.00  .(  spirals  ) 


NUMBER  OF  SEGMENTS  :  30  : 

ITERATION  ACCURACY  :  0.0010 


MT7)  /VPcrr 

VO2.0<£>  *.5* 


CIRCULAR  COLUMNS  -  MANDER 
CIRCULAR  COLUMNS  -  MANDER 


CYCLE 

NUMBER 


CONCRETE 

STRAIN 


0.000100 
0.000200 
0.000300 
0.000400 
0.000500 
0.000600 
0.000700 
0.000800 
0.000900 
0.001000 
0.001100 
0.001200 
0.001300 
0.001400 
0.001500 
0 . 001600 
0.001800 
0.002000 
0.002500 
0 . 003000 
0.003500 
0.004000 
0 . 004500 
0.005000 
0.006000 
0.007000 
0.008000 
0 . 009000 
0.010000 
0.012000 
0 . 014000 
0.016000 
0 . 018000 
0.020000 
0.022000 
0 . 024000 


L  E  ANA 

LYSIS  RE 

S  U  L  T  S (kips 

-in-unit) 

N-A. 

STEEL 

MOMENT 

CURVATURE 

DEPTH 

STRAIN 

(in) 

(kipsin) 

(l/xn) 

19 . 54 

-0.000002 

431.86 

0.0000051 

12 .34 

-0 . 000122 

833.62 

0 . 0000162 

10 .27 

-0.000279 

1161.12 

0.0000292 

9  32 

-0.000451 

1485.16 

0 . 0000429 

8 . 78 

-0.000630 

1810.90 

0.0000569 

8 . 44 

-0.000810 

2136.21 

0.0000711 

8 .21 

-0.000993 

2461.88 

0.0000853 

8 . 04 

-0.001176 

2786.98 

0.0000996 

7 . 91 

-0.001358 

3110.31 

0.0001138 

7 .81 

-0.001540 

3430.67 

0.0001280 

7 . 74 

-0.001721 

3747.91 

0.0001422 

7 . 68 

-0.001901 

4060.81 

0.0001563 

7  63 

-0.002079 

4368.78 

0.0001703 

7 . 60 

-0.002255 

4671.14 

0.0001842 

7 . 53 

-0.002452 

4906.40 

0.0001991 

7 . 45 

-0.002659 

5104.36 

0.0002146 

7 .28 

-0.003104 

5398.45 

0.0002472 

7 . 12 

-0.003573 

5608.03 

0.0002808 

6 . 81 

-0.004787 

5915.40 

0.0003673 

6 . 63 

-0.005983 

6043.88 

0.0004527 

6.54 

-0.007125 

6077.89 

0.0005355 

6 .51 

-0 . 008183 

6086 . 90 

0.0006140 

6 . 53 

-0.009166 

6088.90 

0.0006887 

6 . 57 

-0.010091 

6077.52 

0.0007605 

6 . 69 

-0.011799 

6027.99 

0 . 000897C 

6 . 92 

-0.013070 

5883.64 

0.0010115 

7.10 

-0.014373 

5787.57 

0.0011275 

7 .23 

-0.015710 

5729.69 

0 . 0012453 

7.34 

-0.017040 

5691.33 

0.0013627 

7 . 45 

-0.019954 

5722.45 

0 . 0016104 

7 . 58 

-0.022642 

5737.79 

0 . 0018465 

7.61 

-0.025743 

5829.85 

0.0021037 

7 . 64 

-0.028752 

5911.59 

0 . 0023563 

7.68 

-0.031663 

5976.22 

0.0026037 

7 . 70 

-0.034659 

6044.88 

0.0028555 

7.73 

-0.037615 

6105.27 

0.0031052 

NUMBER  OF  CYCLES  EXCEEDS  MAXIMUM  OF  36 

CALCULATED  IDEAL  MOMENT  6089  (kipsin)  EQUALS  MAXIMUM  MOMENT 


MAXIMUM  NUMBER  OF  CYCLES 
MAXIMUM  CONCRETE  STRAIN 
80%  OF  MAXIMUM  MOMENT 
STEEL  LIMIT  STRAIN 


36 

0.02778 

4884.2  (kipsin) 
0.120000 


£/0- 


ITERATION  ACCURACY  : 
STRAIN  HARDENING  OF  STEEL 


0.001 


APPLIED  AXIAL  LOAD  : 


100.0  (kips) 


CIRCULAR  COLUMNS  -  MANDER 

FILE  NAME  :  N2  COmieOtOU,  P^OSkp,  W 

MOMENT  CURVATURE  ANALYSIS  RESULTS (kips 


CYCLE 

NUMBER 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 


CONCRETE 

STRAIN 


0.000100 
0 . 000200 
0.000300 
0 . 000400 
0.000500 
0.000600 
0 . 000700 
0.000800 
0.000900 
0.001000 
0.001100 
0.001200 
0.001300 
0.001400 
0.001500 
0.001600 
0 . 001800 
0.002000 
0.002500 
0.003000 
0.003500 
0.004000 
0.004500 
0.005000 
0 . 006000 
0.007000 
0.008000 
0.009000 
0.010000 
0.012000 
0.014000 
0.016000 
0.018000 
0 . 020000 
0.022000 
0.024000 


N.  A. 
DEPTH 
(in) 


6.91 

6.89 

6.89 

6.89 

6.89 

6.89 

6.89 

6.89 

6.90 

6.91 
6.91 
6.93 
6.90 
6.84 
6.77 
6.70 
6.55 
6.41 
6.15 
6 . 00 
5.95 
5.95 
5.99 
6.04 
6.18 
6.37 
6.57 
6.72 
6.82 
6.98 
7 . 09 
7.18 
7.20 
7.23 
7.26 
7.29 


STEEL 

STRAIN 


-0.000187 
-0.000376 
-0.000564 
-0.000753 
-0.000941 
-0.001129 
-0.001316 
-0.001503 
-0.001688 
-0.001873 
-0.002057 
-0.002238 
-0.002441 
-0 . 002661 
-0.002895 
-0.003139 
-0.003654 
-0 . 004190 
-0.005568 
-0.006917 
-0.008177 
-0.009335 
-0 . 010408 
-0.011420 
-0.013273 
-0.014804 
-0.016175 
-0.017569 
-0.019091 
-0.022102 
-0.025205 
-0.028225 
-0.031580 
-0.034895 
-0.038137 
-0.041317 


MOMENT 
(kips in) 


334.67 

668.68 
1002.49 
1335.94 
1668.81 
2000.81 

2331.54 
2660.56 
2987.33 
3311.25 
3631.65 

3947.85 
4203.59 
4413.38 
4583.03 
4725.88 

4947.32 
5108.79 

5349.33 
5450.67 
5502.28 
5539.53 

5560 . 99 
5565.41 

5543.55 
5462.74 
5387.21 
5329.30 
5318.97 
5338.83 

5391.86 
5439.13 

5529.99 
5609.43 
5675.17 
5733.95 


NUMBER  OF  CYCLES  EXCEEDS  MAXIMUM  OF  36 


CALCULATED  IDEAL  MOMENT  5565  (kipsin)  EQUALS  MAXIMUM  MOMENT 


MAXIMUM  NUMBER  OF  CYCLES 
MAXIMUM  CONCRETE  STRAIN 
80%  OF  MAXIMUM  MOMENT 
STEEL  LIMIT  STRAIN 
ITERATION  ACCURACY 


36 

0.02778 

4587.2  (kipsin) 
0.120000 
0.001 


in-unit) 

CURVATURE 

(1/in) 

0 . 0000145 
0 . 0000290 
0 . 0000436 
0.0000581 
0 . 0000726 
0.0000871 
0 . 0001016 
0 . 0001160 
0.0001304 
0 . 0001448 
0 . 0001591 
0 . 0001733 
0.0001885 
0 . 0002046 
0.0002215 
0 . 0002388 
0.0002749 
0 . 0003120 
0 . 0004066 
0.0004998 
0 . 0005885 
0.0006720 
0 . 0007513 
0.0008275 
0 . 0009713 
0.0010988 
0 . 0012184 
0 . 0013390 
0 . 0014661 
0 . 0017186 
0.0019758 
0.0022288 
0.0024987 
0 . 0027665 
0 . 0030307 
0.0032918 


STRAIN  HARDENING  OF  STEEL 


APPLIED  AXIAL  LOAD  : 


0.5  (kips) 


m 


CIRCULAR  COLUMNS  -  MANDER 

FILE  NAME  :  N2  jpjujl  P=2ggk>*,  W2gPgj3 

MOMENT  CURVATURE  ANALYSIS  RESULTS (kips- in-unxt ) 


CYCLE  CONCRETE  N.A. 

NUMBER  STRAIN  DEPTH 

(in) 


STEEL 

STRAIN 


MOMENT  CURVATURE 

(kipsin)  (1/in) 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 


0.000100 
0 . 000200 
0.000300 
0 . 000400 
0.000500 
0.000600 
0.000700 
0.000800 
0.000900 
0.001000 
0.001100 
0.001200 
0.001300 
0.001400 
0.001500 
0.001600 
0.001800 
0.002000 
0.002500 
0.003000 
0.003500 
0.004000 
0.004500 
0.005000 
0.006000 
0.007000 
0 . 008000 
0.009000 
0 . 010000 
0.012000 
0 . 014000 
0.016000 
0.018000 
0 . 020000 
0 . 022000 
0 . 024000 


58.30 
19.56 
14.62 
12.37 
11.10 

10.30 
9.75 
9.36 
9.06 

8.84 
8.66 
8.52 
8.40 
8.31 

8.24 
8.18 
8.00 
7 . 82 
7.46 

7.25 

7.14 
7 . 09 
7 . 08 

7.11 
7.25 
7.45 
7 . 62 
7.73 

7.85 
7.94 
8.03 
8.05 
8.08 
8.09 

8.12 

8.15 


0.000066 
-0.000003 
-0 . 000107 
-0.000242 
-0.000394 
-0.000556 
-0.000724 
-0.000896 
-0.001071 
-0.001245 
-0.001421 
-0.001596 
-0.001769 
-0.001942 
-0.002112 
-0.002281 
-0.002662 
-0.003073 
-0.004146 
-0.005215 
-0.006233 
-0.007199 
-0.008106 
-0.008956 
-0.010424 
-0.011655 
-0.012832 
-0.014088 
-0.015273 
-0.017991 
-0.020611 
-0.023437 
-0.026183 
-0 . 029024 
-0.031757 
-0 . 034404 


154.10 

863.19 

1310.95 

1663.13 
1991.84 

2313.96 

2633.83 

2952.37 
3271.31 

3583.93 
3896.17 

4204.10 
4506 . 98 

4804.11 

5094 . 82 

5376 . 97 

5768 . 93 

6041.14 
6426.03 

6585.84 
6632.41 
6619.58 
6594.55 
6568.36 

6455.38 
6288.64 
6160.33 

6095.84 
6031.52 
6065.80 
6094.43 
6181.90 

6252.39 
6325.67 

6385.83 

6438 . 83 


0.0000017 
0 . 0000102 
0 . 0000205 
0.0000323 
0 . 0000450 
0 . 0000583 
0 . 0000718 
0 . 0000855 
0.0000993 
0.0001132 
0.0001270 
0.0001409 
0 . 0001547 
0.0001684 
0.0001820 
0.0001956 
0 . 0002249 
0 . 0002557 
0.0003350 
0 . 0004140 
0.0004905 
0 . 0005644 
0.0006353 
0.0007033 
0.0008277 
0.0009401 
0.0010499 
0.0011636 
0.0012737 
0.0015114 
0.0017443 
0.0019875 
0.0022267 
0 .0024707 
0.0027092 
0.0029434 


NUMBER  OF  CYCLES  EXCEEDS  MAXIMUM  OF  36 


CALCULATED  IDEAL  MOMENT  6632 

MAXIMUM  NUMBER  OF  CYCLES  : 
MAXIMUM  CONCRETE  STRAIN  : 

80%  OF  MAXIMUM  MOMENT  : 
STEEL  LIMIT  STRAIN  : 
ITERATION  ACCURACY  : 


(kipsin)  EQUALS  MAXIMUM  MOMENT 
36 

0.02778 

5305.9  (kipsin) 

0.120000 

0.001 


-ft/4- 


STRAIN  HARDENING  OF  STEEL 


APPLIED  AXIAL  LOAD  :  200.0  (kips) 


CIRCULAR  COLUMNS  -  MANDER 
CIRCULAR  COLUMNS  -  MANDER 


FILE  NAME  :  N3 

INPUT  DAT  A (kips- in-unit) 


DIAMETER  OF  SECTION 
COVER  TO  MAIN  STEEL 

(in)  : 
(in)  : 

24.00 

3.65 

STEEL  STRENGTH 
YOUNG'S  MODULUS 
CONCRETE  STRENGTH 

(ksi) 

(ksi) 

(ksi) 

66.00 
29000 
7 . 00 

(  high  strength  steel 

APPLIED  MOMENT (kipsin)  . 
APPLIED  AXIAL  LOAD  (kips) 

0 

100.0 

MAIN  BAR  DIAMETER 
TOTAL  STEEL  AREA 

(in) 
(sq  in) 

:  1.27 

:  10.16 

TIE  DIAMETER 
TIE  SPACING 
TIE  STRENGTH 

(in) 

(in) 

(ksi) 

0.38 

6.00 

70.00 

(  spirals  ) 

NUMBER  OF  SEGMENTS 
ITERATION  ACCURACY 

:  30 

:  0 

.0010 

Vfjm  INPUT 

X XM£&L  CoNNecnO*) 

w  1 1  <0  6  ** 


RNIU 


CIRCULAR  COLUMNS  -  MANDER 
CIRCULAR  COLUMNS  -  MANDER 


MOMENT 

CYCLE 
NUMBER 


CONCRETE 

STRAIN 


1  E  ANA 

N .  A. 
DEPTH 
(in) 

LYSIS  RE 

STEEL 

STRAIN 

S  U  L  T  S (kips- 

MOMENT 

(kipsin) 

19.53 

-0.000001 

432.13 

12.34 

-0.000121 

833.64 

10.27 

-0.000279 

1160 . 99 

9.31 

- 0 . 000451 

1484 . 96 

8.78 

-0.000629 

1810.21 

8.43 

-0.000809 

2136.06 

8.20 

-0.000991 

2461.86 

8.03 

-0.001174 

2787.14 

7.90 

-0.001357 

3110.69 

7.80 

-0 . 001539 

3431.36 

7.73 

-0.001720 

3748 . 94 

7.67 

-0.001900 

4062.21 

7.62 

-0.002078 

4370.60 

7.59 

-0.002254 

4673.42 

7.52 

-0.002450 

4909.76 

7.44 

-0.002658 

5106.71 

7.27 

-0.003103 

5400.46 

7.11 

-0.003572 

5609.23 

6.80 

-0.004787 

5915.95 

6.62 

-0.005981 

6043 . 06 

6.53 

-0.007120 

6076.17 

6.51 

-0.008172 

6083.35 

6.53 

-0.009145 

6082.76 

6.58 

-0.010054 

6067.13 

6.71 

-0.011715 

6005.03 

6.97 

-0.012907 

5840.29 

7.17 

-0.014097 

5717.73 

7.35 

-0.015252 

5620.40 

7.51 

-0.016369 

5543.09 

7.73 

-0.018750 

5496.25 

CURVATURE 

(l/in) 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


0.000100 
0.000200 
0.000300 
0 . 000400 
0.000500 
0.000600 
0.000700 
0.000800 
0.000900 
0 . 001000 
0.001100 
0.001200 
0.001300 
0.001400 
0.001500 
0.001600 
0.001800 
0.002000 
0.002500 
0.003000 
0.003500 
0.004000 
0.004500 
0.005000 
0.006000 
0.007000 
0.008000 
0.009000 
0.010000 
0.012000 


0.0000051 
0.0000162 
0.0000292 
0.0000429 
0.0000570 
0.0000711 
0.0000854 
0.0000997 
0.0001139 
0.0001282 
0.0001424 
0.0001565 
0.0001705 
0.0001845 
0.0001994 
0.0002150 
0.0002475 
0.0002813 
0.0003679 
0.0004534 
0.0005361 
0.0006145 
0.0006888 
0.0007600 
0.0008943 
0.0010050 
0.0011155 
0 . 0012243 
0.0013312 
0.0015523 


CONCRETE  STRAIN  EXCEEDS  MAXIMUM 


CALCULATED  IDEAL  MOMENT  6083  (kipsin)  EQUALS  MAXIMUM  MOMENT 


MAXIMUM  NUMBER  OF  CYCLES  : 
MAXIMUM  CONCRETE  STRAIN  : 
80%  OF  MAXIMUM  MOMENT  : 
STEEL  LIMIT  STRAIN  : 
ITERATION  ACCURACY  : 
STRAIN  HARDENING  OF  STEEL 

APPLIED  AXIAL  LOAD  : 


36 

0.01140 

4866.7  (kipsin) 
0.120000 
0.001 


100.0  (kips) 


CIRCULAR  COLUMNS  -  MANDER 
CIRCULAR  COLUMNS  -  MANDER 


FILE  NAME  :  N3  ,  f  -  OS\fUf>S,  - J 

MOMENT  CURVATURE  ANALYSIS  RESULTS (kips 


CYCLE 

NUMBER 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


CONCRETE 

STRAIN 


0 . 000100 
0 . 000200 
0.000300 
0.000400 
0.000500 
0.000600 
0.000700 
0.000800 
0.000900 
0.001000 
0.001100 
0.001200 
0.001300 
0.001400 
0.001500 
0.001600 
0.001800 
0.002000 
0.002500 
0.003000 
0.003500 
0 .004000 
0.004500 
0.005000 
0.006000 
0.007000 
0 . 008000 
0.009000 
0.010000 
0 . 012000 


N.  A. 
DEPTH 
(in) 


6.91 

6.89 

6.89 

6.88 

6.88 

6.88 

6.89 

6.89 

6.90 

6.90 

6.91 

6.92 
6.89 
6.84 
6.77 
6.69 
6.54 
6.40 
6.14 
6.00 

5.94 

5.95 
5 . 99 
6.05 
6.19 
6.40 
6.62 
6.80 

6.96 
7.18 


STEEL 

STRAIN 


-0.000187 
-0.000375 
-0.000563 
-0.000751 
-0.000939 
-0.001126 
-0.001313 
-0.001500 
-0.001686 
-0.001870 
-0.002054 
-0.002235 
-0.002437 
-0.002657 
-0.002891 
-0.003136 
-0.003650 
-0.004186 
-0.005562 
-0.006909 
-0.008166 
-0.009320 
-0.010384 
-0.011384 
-0.013197 
-0.014668 
-0.015940 
-0 . 017200 
-0.018473 
-0.021111 


MOMENT 

(kipsin) 

334.19 

667.78 

1001.24 

1334.42 
1667.09 
1998.97 
2329.65 

2658.70 
2985.55 
3309.63 

3630.25 

3946.71 
4204.07 
4413 . 45 
4583 . 05 
4725.81 

4946 . 72 

5108.14 

5348.30 

5449.31 

5500.31 
5536.68 

5556.47 
5558.19 

5527.43 
5434.41 
5339.16 

5255.15 

5211.47 
5178.11 


CONCRETE  STRAIN  EXCEEDS  MAXIMUM 


CALCULATED  IDEAL  MOMENT  5558 

MAXIMUM  NUMBER  OF  CYCLES  : 
MAXIMUM  CONCRETE  STRAIN  : 

80%  OF  MAXIMUM  MOMENT  : 
STEEL  LIMIT  STRAIN  : 
ITERATION  ACCURACY  : 
STRAIN  HARDENING  OF  STEEL 


(kipsin)  EQUALS  MAXIMUM  MOMENT 
36 

0.01140 

4446.6  (kipsin) 

0.120000 

0.001 


in-unit) 

CURVATURE 

(1/in) 

0 . 0000145 
0 . 0000290 
0 . 0000436 
0 . 0000581 
0 . 0000726 
0 . 0000872 
0.0001016 
0 . 0001161 
0.0001305 
0 . 0001449 
0.0001592 
0.0001734 
0.0001887 
0.0002048 
0.0002217 
0.0002391 
0.0002751 
0.0003123 
0.0004070 
0.0005003 
0.0005890 
0.0006724 
0.0007514 
0.0008271 
0.0009691 
0.0010939 
0.0012086 
0.0013226 
0.0014374 
0.0016715 


APPLIED  AXIAL  LOAD  : 


0.5  (kips) 


KWI IZ 


CIRCULAR  COLUMNS  -  MANDER 
CIRCULAR  COLUMNS  -  MANDER 

FILE  NAME  :  N3  P-  6  ( 

MOMENT  CURVATURE  ANALYSIS  RESULT  S (kips-in-unit ) 


CYCLE  CONCRETE 

NUMBER  STRAIN 


1 

0.000100 

2 

0.000200 

3 

0.000300 

4 

0.000400 

5 

0.000500 

€ 

0.000600 

7 

0.000700 

8 

0.000800 

9 

0.000900 

10 

0 . 001000 

11 

0 . 001100 

12 

0.001200 

13 

0.001300 

14 

0.001400 

15 

0.001500 

16 

0.001600 

17 

0.001800 

18 

0.002000 

19 

0.002500 

20 

0.003000 

21 

0.003500 

22 

0.004000 

23 

0 . 004500 

24 

0.005000 

25 

0.006000 

26 

0.007000 

27 

0.008000 

28 

0.009000 

29 

0.010000 

30 

0.012000 

N.  A. 

DEPTH 

(in) 

STEEL 

STRAIN 

57.97 

0.000066 

19.53 

-0.000003 

14.59 

-0.000107 

12.35 

-0.000242 

11.08 

-0.000394 

10.28 

-0.000556 

9.74 

-0.000724 

9.34 

-0.000896 

9.05 

-0.001071 

8.82 

-0 . 001245 

8.64 

-0.001421 

8.50 

-0.001596 

8.39 

-0.001770 

8.30 

-0.001942 

8.23 

-0.002112 

8.17 

-0.002281 

7.99 

-0.002664 

7.81 

-0.003075 

7.45 

-0.004150 

7.23 

-0.005217 

7.12 

-0.006231 

7.08 

-0.007190 

7.08 

-0.008085 

7.12 

-0.008916 

7.28 

-0.010332 

7.51 

-0.011452 

7.73 

-0.012493 

7.90 

-0.013574 

8.08 

-0.014525 

8.29 

-0.016672 

MOMENT  CURVATURE 


(kipsin) 

(1/in) 

155.19 

0.0000017 

864.92 

0 . 0000102 

1312.46 

0.0000206 

1664.66 

0.0000324 

1993.49 

0.0000451 

2315.82 

0.0000583 

2635.97 

0.0000719 

2954.86 

0.0000856 

3274.08 

0.0000995 

3587.20 

0.0001134 

3899.90 

0.0001273 

4208.31 

0.0001411 

4511.69 

0 . 0001550 

4809.34 

0 . 0001687 

5100.61 

0 . 0001824 

5383.07 

0.0001959 

5774.29 

0.0002254 

6045.31 

0 . 0002562 

6428.33 

0 . 0003357 

6586.05 

0 . 0004148 

6630.91 

0.0004913 

6615.37 

0.0005649 

6585.85 

0.0006353 

6554.02 

0.0007025 

6424.39 

0.0008245 

6225.83 

0.0009315 

6057.44 

0.0010345 

5949.69 

0 . 0011396 

5831.40 

0.0012381 

5765.79 

0.0014474 

CONCRETE  STRAIN  EXCEEDS  MAXIMUM 


CALCULATED  IDEAL  MOMENT  6631  (kipsin)  EQUALS  MAXIMUM  MOMENT 


MAXIMUM  NUMBER  OF  CYCLES  : 
MAXIMUM  CONCRETE  STRAIN  : 
80%  OF  MAXIMUM  MOMENT  : 
STEEL  LIMIT  STRAIN  : 
ITERATION  ACCURACY  : 
STRAIN  HARDENING  OF  STEEL 

APPLIED  AXIAL  LOAD  : 


36 

0.01140 

5304.7  (kipsin) 
0.120000 
0.001 


200.0  (kips) 


-  m 


PUSHOVER  ANALYSIS  F-LINE  SIMULATION 
20100-1 

36  35  19  1  1  2  386.2  5.  5.  0.01  5.8  1. 
20  10  0  1  1.0  10  10  1 
2 

NODES  3 

1  0  -500  111 

2  0  -400 

3  10  -400  111 

4  0  -300 

5  10  -300  111 

6  0  -250 

7  10  -250  111 

8  0  -200 
9  10  -200  111 

10  0  -150 

11  10  -150  111 

12  0  -126 
13  10  -126  111 

14  0  -102  0000000 

15  10  -102  111 
16  0  -90 

17  10  -90  111 

18  0  -78 

19  10  -78  1  1  1 

20  0  -66  0000000 
21  10  -66  111 

22  0  -54 

23  10  -54  1  1  1 

24  0  -42  0  0  0  0  0  0  0 

25  10  -42  1  1  1 

26  0  -30 

27  10  -30  111 

28  0  -18 
29  10  -18  111 

30  0-6  0000000 

31  10  -6  1  1  1 

32  0  8 

33  0  16 

34  0  24 

35  0  36.6  0110000 

36  10  36.6  111 
ELEMENTS  3 
1112 

2  12  4 

3  14  6 

4  16  8 

5  1  8  10 

6  1  10  12  0  0  0 

7  1  12  14  0  0  0 

8  1  14  16  0  0  0 

9  1  16  18  0  0  0 

10  1  18  20  0  0  0 

11  1  20  22  0  0  0 

12  1  22  24  0  0  0 

13  1  24  26  0  0  0 

14  1  26  28  0  0  0 

15  1  28  30  0  0  0 

16  2  30  32  0  0  0 

17  2  32  33  0  0  0 


18  2  33  34  0  0  0 

19  3  34  35 

20  4  2  3 

21  5  4  5 

22  6  6  7 

23  7  8  9 

24  8  10  11 

25  9  12  13 

26  10  14  15 

27  11  16  17 

28  12  18  19 

29  13  20  21 

30  14  22  23 

31  15  24  25 

32  16  26  27 

33  17  28  29 

34  18  30  31 

35  19  35  36 
PROPS 

1  FRAME 

1  0  0  13 

4770  2000  452  362  16286  0 

1  0  10.0  10.0 

500  -500  6217  -6217  6217  -6217 
0.252  2650  -2650  2650  -2650 

2  FRAME 
10  0  2 

4770  2000  452  115  5100  0.0 

1  0.0  10.0  10.0 

500  -500  5692  -5692  5692  -5692 

3  FRAME 
10  0  0 

4770  2000  452  0.0  5100  0.0 

4  SPRING 

1000  3333  0.  0.  0.001 

5  SPRING 

1000  1875  0.  0.  0.001 

6  SPRING 

1000  1042  0.  0.  0.001 

7  SPRING 

1000  833  0.  0.  0.001 

8  SPRING 

1000  463  0.  0.  0.001 

9  SPRING 

1200  252  0.  0.  0.001  0.001 
126  -126  126  -126  126  -126 

10  SPRING 

1200  153  0.  0.  0.001  0.001 
76.5  -76.5  76.5  -76.5  76.5  -76.5 

11  SPRING 

1  2  0  0  90  0.  0.  0.001  0.001 
45  -45  45  -45  45  -45 

12  SPRING 

1  2  0  0  78  0.  0.  0.001  0.001 
39  -39  39  -39  39  -39 

13  SPRING 

1  2  0  0  66  0.  0.  0.001  0.001 

33  -33  33  -33  33  -33 

14  SPRING 

1  2  0  0  54  0.  0.  0.001  0.001 


27  -27  27  -27  27  -27 

15  SPRING 

1  2  0  0  42  0.  0.  0.001  0.001 
21  -21  21  -21  21  -21 

16  SPRING 

1  2  0  0  30  0.  0.  0.001  0.001 
15  -15  15  -15  15  -15 

17  SPRING 

1  2  0  0  18  0.  0.  0.001  0.001 
9-99-99-9 

18  SPRING 

120060.  0.  0.001  0.001 

3-33-33-3 

19  SPRING 

1  0  0  0  50  0.  0.  0.001 
WEIGHTS  0 
35  1.  1.  1. 

LOADS 

35  0.  0.  0. 

SHAPE 

35  900.  0.  0. 

EQUAKE 

3  1  0.1  1.0  0 
START 
1  0.0  0.0 


DATE :  21  JANUARY 


2000 


TIME  1:34:  1.83 


STRUCTURE 

PUSHOVER  ANALYSIS  F-LINE  SIMULATION 


ANALYSIS  DETAILS 


Analysis  Type  :  In-elastic 

Time  Variation:  Time-history  -  Newmark  (Beta  =  0.25) 

Mass  Matrix  :  Lumped  . 

Damping  Matrix:  Alpha* [Mass] +Beta* [Initial  Stiffness]  Rayleigh  Damping 
Dynamic  Force  Loading  with  1  Time -varying  Force  Inputs 
Binary  post-processor  (.RES)  file 
Small  Displacement  analysis 


STRUCTURAL  DATA 


Number  of  Space  Dimensions  2 
Number  of  Equations  per  Node  3 
Number  of  Nodes  36 
No. Apparent  Degrees  of  Freedom  108 
Number  of  Members  35 
Number  of  Member  Sections  19 
Number  of  Mode  Shapes  Required  1 
Pictures  of  Displaced  Frame  NO 
Acceleration  of  Gravity  386.200 
%  Critical  Damping  Mode  1  =  5.00 
%  Critical  Damping  Mode  2  =  5.00 


ECHO 


TIME -HISTORY  DATA 


Excitation  Time-step  .01000  Seconds 

Duration  of  Excitation  5.800  Seconds 

Excitation  Multiplier  1.000E+00 

No.  Steps  between  Print-outs  20 

No.  Steps  between  Disk  Output  10 

No.  Steps  between  Pictures  o 

ScreenPlot  Mutiplier  10.000 

Max.  X  Displace. (Screen)  10.000 

Max.  Y  Displace. (Screen)  1.000 

Max.  Cycles  of  Newton-Raphson  2 

Max.  Cycles  Damping  Iteration  0 

Force  Norm  Limit  1.000E-03 

Wave  Velocity  -  X  axis.  0.000E+00 

Wave  Velocity  -  Y  axis.  0.000E+00  _ 

DYNAPLOT  Nodal  Output:  Displacement , Damping  Force, Inertia  Force  &  Load 


INODE 

POSITION  OF  NODES 

NODE 

FIXITY 

MASTER  NODE 

OUTPUT 

NO. 

X  Co-ord  Y  Co-ord 

X 

Y 

z 

X 

Y 

z 

Flag 

1 

0 . 0000E+00-5 . 0000E+02 

1 

1 

1 

0 

0 

0 

3 

2 

0 . 0000E+O0-4 . OOOOE+02 

0 

0 

0 

0 

0 

0 

3 

3 

1 . 0000E+01-4 . 0000E+02 

1 

1 

1 

0 

0 

0 

3 

4 

0 . 0000E+00-3 .0000E+02 

0 

0 

0 

0 

0 

0 

3 

5 

1. OOOOE+Ol-3 .0000E+02 

1 

1 

1 

0 

0 

0 

3 

6 

0 . 0000E+00-2 . 5000E+02 

0 

0 

0 

0 

0 

0 

3 

7 

1.  OOOOE+Ol-2 .5000E+02 

1 

1 

1 

0 

0 

0 

3 

8 

0.0000E+00 -2. 0000E+02 

0 

0 

0 

0 

0 

0 

3 

9 

1. OOOOE+Ol-2 .OOOOE+02 

1 

1 

1 

0 

0 

0 

3 

10 

0 . OOOOE+OO-1 . 5000E+02 

0 

0 

0 

0  0 

0 

3 

11 

1. OOOOE+01-1.5000E+02 

1 

1 

1 

0  0 

0 

3 

12 

0 . 0000E+00-1. 260 0E+02 

0 

0 

0 

0  0 

0 

3 

13 

1. 00OOE+01-1.26O0E+02 

1 

1 

1 

0  0 

0 

3 

14 

0 . 0000E+00-1. 0200E+02 

0 

0 

0 

0  0 

0 

0 

15 

1. 0000E+01-1. 0200E+02 

1 

1 

1 

0  0 

0 

3 

16 

0 . 0000E+00-9 . 0000E+01 

0 

0 

0 

0  0 

0 

3 

17 

1 . OOOOE+Ol-9 . 0000E+01 

1 

1 

1 

0  0 

0 

3 

18 

0 . 0000E+00-7 . 8000E+01 

0 

0 

0 

0  0 

0 

3 

19 

1 . 0000E+01-7 . 8000E+01 

1 

1 

1 

0  0 

0 

3 

20 

0 . 0000E+00-6 . 6000E+01 

0 

0 

0 

0  0 

0 

0 

21 

1.0000E+01-6. 6000E+01 

1 

1 

1 

0  0 

0 

3 

22 

0 . 0000E+00-5. 4000E+01 

0 

0 

0 

0  0 

0 

3 

23 

1. OOOOE+Ol-5 .4000E+01 

1 

1 

1 

0  0 

0 

3 

24 

0 . 0000E+00-4 . 2000E+01 

0 

0 

0 

0  0 

0 

0 

25 

1. 0OOOE+01-4.2O0OE+O1 

1 

1 

1 

0  0 

0 

3 

26 

0 . 0000E+00-3 . OOOOE+Ol 

0 

0 

0 

0  0 

0 

3 

27 

1 . 0000E+01-3 . 0000E+01 

1 

1 

1 

0  0 

0 

3 

28 

0 . OOOOE+OO-1. 8000E+01 

0 

0 

0 

0  0 

0 

3 

29 

1. 0000E+01 -1. 800 0E+01 

1 

1 

1 

0  0 

0 

3 

30 

0 . OOOOE+OO-6 . OOOOE+OO 

0 

0 

0 

0  0 

0 

0 

31 

1. 0000E+01- 6 . 0000E+O0 

1 

1 

1 

0  0 

0 

3 

32 

0. 0000E+00  8. 0O00E+00 

0 

0 

0 

0  0 

0 

3 

33 

0. 0000E+00  1 . 6000E+01 

0 

0 

0 

0  0 

0 

3 

34 

0. 0000E+00  2 . 4000E+01 

0 

0 

0 

0  0 

0 

3 

35 

0. OOOOE+OO  3 . 6600E+01 

0 

1 

1 

0  0 

0 

0 

36 

1. OOOOE+Ol  3 . 6600E+01 

1 

1 

1 

0  0 

0 

3 

i 

MEMBER  SECTION  NODE  NODE 

NODE 

NODE 

NODE 

OUTPUT 

Number  Number  Endl  End2 

Innerl 
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MEMBER  PROPERTIES  TABLE 


0 SECTION  NUMBER  1  TYPE= FRAME  -GIBERSON  BEAM 


Elastic  Modulus  .  .  - 
Cross  Sectional  Area. 
Moment  of  Inertia  .  . 
End-block  Length  End 
Joint  Flexibility  End 
Perfect  Hinge  at  End 
Bi-linear  r  Axial  .  . 
Plas. Hinge  Length  End 


1 
1 
1  = 

1  = 


.  77  0E+03 
.520E+02 
.  629E+04 
.  000E+00 
.  OOOE+OO 
NO 

1.000 

10.000 


Giberson  ONE -COMPONENT  BEAM  SECTION 

Tension  Yield  .  =  5.000E+02 

Yield  Moment  +ve  End  1  =  6.217E+03 
Yield  Moment  +ve  End  2  =  6.217E+03 


Shear  Modulus  . 

Shear  Area . 

weight/ (Unit  Length) .  . 

End-block  Length  End  2 
Joint  Flexibility  End  2 
Perfect  Hinge  at  End  2 
Bi-linear  r  Flexure  .  . 

Plas. Hinge  Length  End  2 


Compression  Yield  .  .  . 
Yield  Moment  -ve  End  1 
Yield  Moment  -ve  End  2 


MUTO  Hysteresis  (A=Endl  or  X,  B=End2  or  Y) 

Cracked  Stiffness  Fact.  =  .2520  . 

Positive  Cracking  "A"  .  =  2.650E+03  Negative  Cracking 

Positive  Cracking  "B"  .  =  2.650E+03  Negative  Cracking  B 

0 SECTION  NUMBER  2  TYPE = FRAME  -GIBERSON  BEAM 


Elastic  Modulus  .  .  . 
Cross  Sectional  Area. 
Moment  of  Inertia  .  . 
End-block  Length  End 
Joint  Flexibility  End 
Perfect  Hinge  at  End 
Bi-linear  r  Axial  .  . 
Plas. Hinge  Length  End 


1 
1  = 
1  = 

1  = 


4 

4 

5 
0 
0 


,  770E+03 
.  520E+02 
.  100E+03 
.000E+00 
.000E+00 
NO 

1.000 

10.000 


Giberson  ONE -COMPONENT  BEAM  SECTION 

Tension  Yield  .  =  5.000E+02 

Yield  Moment  +ve  End  1  =  5.692E+03 
Yield  Moment  +ve  End  2  =  5.692E+03 


Shear  Modulus  . 

Shear  Area . 

Weight/ (Unit  Length) .  . 

End-block  Length  End  2 
Joint  Flexibility  End  2 
Perfect  Hinge  at  End  2 
Bi-linear  r  Flexure  .  . 

Plas. Hinge  Length  End  2 


Compression  Yield  .  .  . 
Yield  Moment  -ve  End  1 
Yield  Moment  -ve  End  2 


Bi-Linear  Hysteresis 

0 SECTION  NUMBER  3  TYPE= FRAME  -GIBERSON  BEAM 


Elastic  Modulus  .  .  .  .  =  4.770E+03 

Cross  Sectional  Area.  .  =  4.520E+02 
Moment  of  Inertia  .  .  .  =  5.100E+03 

End-block  Length  End  1  =  0. 000E+00 
Joint  Flexibility  End  1  =  0. 000E+00 
Perfect  Hinge  at  End  1  =  NO 

Linear  Elastic  Hysteresis 

0 SECTION  NUMBER  4  TYPE= SPRING 

Spring  Stiffness  in  X  .  =  3.333E+03 


Shear  Modulus  . 

Shear  Area . 

Weight/ (Unit  Length) .  . 

End-block  Length  End  2 
Joint  Flexibility  End  2 
Perfect  Hinge  at  End  2 


2 . OOOE+03 
3 . 620E+02 
0 . 0O0E+00 
0 . OOOE+OO 
0 . OOOE+OO 
NO 
.000 
10.000 


-5 . 000E+02 
-6 . 217E+03 
-6 . 217E+03 


-2 . 650E+03 
-2 . 650E+03 


2 . OOOE+03 
1 . 150E+02 
0 . 000E+00 
0 . OOOE+OO 
0 . 000E+00 
NO 
.000 
10.000 


-5 . O00E+02 
-5 . 692E+03 
-5 . 692E+03 


2 . 000E+03 
=  0. OOOE+OO 
=  0. OOOE+OO 
=  0.  OOOE+OO 
=  0. 000E+00 
=  NO 


Spring  Stiffness  in  Y  .  =  0. OOOE+OO 


Rotational  Stiffness.  .  =  0.000E+00 
Bilinear  Factor  Transin. =  .000 

Angle  Global-Local  axes  =  .000 

Linear  Elastic  Hysteresis 

OSECTION  NUMBER  5  TYPE=SPRING 


Spring  Stiffness  in  X  .  =  1.875E+03 
Rotational  Stiffness.  .  =  O.OOOE+OO 
Bilinear  Factor  Transln.=  .000 
Angle  Global-Local  axes  =  .000 

Linear  Elastic  Hysteresis 


OSECTION  NUMBER  6  TYPE= SPRING 


Spring  Stiffness  in  X  .  =  1.042E+03 
Rotational  Stiffness.  .  =  O.OOOE+OO 
Bilinear  Factor  Transin. =  .000 
Angle  Global-Local  axes  =  .000 

Linear  Elastic  Hysteresis 


OSECTION  NUMBER  7  TYPE=SPRING 


Spring  Stiffness  in  X  .  =  8.330E+02 
Rotational  Stiffness.  .  =  0.000E+00 
Bilinear  Factor  Transin. =  .000 
Angle  Global-Local  axes  =  .000 

Linear  Elastic  Hysteresis 


OSECTION  NUMBER  8  TYPE= SPRING 


Spring  Stiffness  in  X  .  =  4.630E+02 
Rotational  Stiffness.  .  =  O.OOOE+OO 
Bilinear  Factor  Transin. =  .000 
Angle  Global-Local  axes  =  .000 

Linear  Elastic  Hysteresis 


OSECTION  NUMBER  9  TYPE= SPRING 


Spring  Stiffness  in  X  .  =  2.520E+02 
Rotational  Stiffness.  .  =  0.000E+00 
Bilinear  Factor  Transin. =  .001 

Angle  Global-Local  axes  =  .000 

3  SPRING  COMPONENTS  -  NO  INTERACTION 

Positive  X  Force.  .  .  .  =  1.260E+02 

Positive  Y  Force.  .  .  .  =  1.260E+02 

Positive  Moment  .  .  .  .  =  1.260E+02 


Bi-Linear  Hysteresis 
OSECTION  NUMBER  10  TYPE=SPRING 


Spring  Stiffness  in  X  .  =  1.530E+02 
Rotational  stiffness.  .  =  0.000E+00 


Weight/ (Unit  Length).  .  =  1.000E  03 
Bilinear  Factor  Rotation=  .000 


Spring  Stiffness  in  Y  .  =  0.000E+00 
Weight/ (Unit  Length).  .  =  1.000E-03 
Bilinear  Factor  Rotation=  .000 


Spring  Stiffness  in  Y  .  =  O.OOOE+OO 
Weight/ (Unit  Length).  .  =  1.000E-03 
Bilinear  Factor  Rotation=  .000 


Spring  Stiffness  in  Y  .  =  0.000E+00 
Weight/ (Unit  Length). _ .  =  1.000E-03 
Bilinear  Factor  Rotation=  .000 


Spring  Stiffness  in  Y  .  =  0.000E+00 
Weight/(Unit  Length).  .  =  1.000E-03 
Bilinear  Factor  Rotation=  .000 


Spring  Stiffness  in  Y  .  =  O.OOOE+OO 
Weight/ (Unit  Length).  .  =  1.000E-03 
Bilinear  Factor  Rotation=  .000 


-  YIELD  FORCES  AND  MOMENTS 

Negative  X  Force.  .  .  •  =-1.260E+02 
Negative  Y  Force.  .  .  .  =-1.260E+02 
Negative  Moment  ....  =-1.260E+02 


Spring  Stiffness  in  Y 
Weight/ (Unit  Length) . 


0 . OOOE+OO 
1 . 000E-O3 


Bilinear  Factor  Transin. =  .001 

Angle  Global-Local  axes  =  .000 

3  SPRING  COMPONENTS  -  NO  INTERACTION 

Positive  X  Force.  .  .  .  =  7.650E+01 

Positive  Y  Force.  .  .  .  =  7.650E+01 

Positive  Moment  .  .  .  .  =  7.650E+01 

Bi-Linear  Hysteresis 

0 SECTION  NUMBER  11  TYPE = S PRING 


Spring  Stiffness  in  X  .  =  9.000E+01 
Rotational  Stiffness.  .  =  O.OOOE+OO 
Bilinear  Factor  Transin. =  .001 

Angle  Global-Local  axes  =  .000 

3  SPRING  COMPONENTS  -  NO  INTERACTION 

Positive  X  Force.  .  .  .  =  4.500E+01 

Positive  Y  Force.  .  .  .  =  4.500E+01 

Positive  Moment  .  .  .  .  =  4.500E+01 

Bi-Linear  Hysteresis 

0 SECTION  NUMBER  12  TYPE= SPRING 


Spring  Stiffness  in  X  .  =  7.800E+01 
Rotational  Stiffness.  .  =  O.OOOE+OO 
Bilinear  Factor  Transin. =  .001 

Angle  Global-Local  axes  =  .000 

3  SPRING  COMPONENTS  -  NO  INTERACTION 

Positive  X  Force.  .  .  .  =  3.900E+01 

Positive  Y  Force.  .  .  .  =  3.900E+01 

Positive  Moment  .  .  .  .  =  3.900E+01 

Bi-Linear  Hysteresis 

0 SECTION  NUMBER  13  TYPE=SPRING 


Spring  Stiffness  in  X  .  =  6.600E+01 
Rotational  Stiffness.  .  =  0.000E+00 
Bilinear  Factor  Transln.=  .001 

Angle  Global-Local  axes  =  .000 

3  SPRING  COMPONENTS  -  NO  INTERACTION 

Positive  X  Force.  .  .  .  =  3.300E+01 

Positive  Y  Force.  .  .  .  =  3.300E+01 

Positive  Moment  .  .  .  .  =  3.300E+01 

Bi-Linear  Hysteresis 

0 SECTION  NUMBER  14  TYPE=  SPRING 


Spring  Stiffness  in  X  .  =  5.400E+01 
Rotational  Stiffness.  .  =  O.OOOE+OO 
Bilinear  Factor  Transin. =  .001 

Angle  Global-Local  axes  =  .000 

3  SPRING  COMPONENTS  -  NO  INTERACTION 

fi-ftk 


Bilinear  Factor  Rotation=  .000 


YIELD  FORCES  AND  MOMENTS 
Negative  X  Force.  .  .  .  =-7.650E+01 
Negative  Y  Force.  .  .  .  =-7.650E+Ol 
Negative  Moment  ....  =-7.650E+01 


Spring  Stiffness  in  Y  .  =  O.OOOE+OO 
Weight/ (Unit  Length).  .  =  1.000E-03 
Bilinear  Factor  Rotation=  .000 


YIELD  FORCES  AND  MOMENTS 
Negative  X  Force.  .  .  .  =-4.500E+01 
Negative  Y  Force.  .  .  .  =-4.500E+01 
Negative  Moment  ....  =-4.500E+01 


Spring  Stiffness  in  Y  .  =  O.OOOE+OO 
Weight/ (Unit  Length).  .  =  1.000E-03 
Bilinear  Factor  Rotation=  .000 


YIELD  FORCES  AND  MOMENTS 
Negative  X  Force.  .  .  .  =-3.900E+0l 
Negative  Y  Force.  .  .  .  =-3.900E+01 
Negative  Moment  ....  =-3.900E+0l 


Spring  Stiffness  in  Y  .  =  0.000E+00 
Weight/(Unit  Length).  .  =  1.000E-03 
Bilinear  Factor  Rotations  .000 


YIELD  FORCES  AND  MOMENTS 
Negative  X  Force.  .  .  .  =~3.300E+01 
Negative  Y  Force.  .  .  .  =-3.300E+01 
Negative  Moment  ....  =-3.300E+01 


Spring  Stiffness  in  Y  .  =  0.000E+00 
Weight/ (Unit  Length).  .  =  1.000E-03 
Bilinear  Factor  Rotations  .000 


YIELD  FORCES  AND  MOMENTS 


=-2 . 700E+01 
= -2 . 700E+01 
=-2 . 700E+01 


Positive  X  Force.  .  .  .  =  2.700E+01 

Positive  Y  Force.  .  .  .  =  2.700E+01 

Positive  Moment  .  .  .  .  =  2.700E+01 

Bi-Linear  Hysteresis 

OSECTION  NUMBER  15  TYPE= SPRING 


Spring  Stiffness  in  X  .  =  4.200E+01 
Rotational  Stiffness.  .  =  O.OOOE+OO 
Bilinear  Factor  Transin. =  .001 

Angle  Global-Local  axes  =  .000 

3  SPRING  COMPONENTS  -  NO  INTERACTION 
Positive  X  Force.  .  .  .  =  2.100E+01 

Positive  Y  Force.  .  .  .  =  2.100E+01 
Positive  Moment  .  ...  =  2.100E+01 

Bi-Linear  Hysteresis 

OSECTION  NUMBER  16  TYPE= SPRING 


Spring  Stiffness  in  X  .  =  3.000E+01 
Rotational  Stiffness.  .  =  O.OOOE+OO 
Bilinear  Factor  Transln.=  .001 

Angle  Global-Local  axes  =  .000 

3  SPRING  COMPONENTS  -  NO  INTERACTION 

Positive  X  Force.  .  .  .  =  1.500E+01 

Positive  Y  Force.  .  .  .  =  1.500E+01 

Positive  Moment  .  .  .  .  =  1.500E+01 

Bi-Linear  Hysteresis 

OSECTION  NUMBER  17  TYPE= SPRING 


Spring  Stiffness  in  X  .  =  1.800E+01 
Rotational  Stiffness.  .  =  0.000E+00 
Bilinear  Factor  Transln.=  .001 

Angle  Global-Local  axes  =  .000 

3  SPRING  COMPONENTS  -  NO  INTERACTION 

Positive  X  Force.  .  .  .  =  9.000E+00 

Positive  Y  Force.  .  .  .  =  9.000E+00 

Positive  Moment  .  .  .  .  =  9.000E+00 

Bi-Linear  Hysteresis 

OSECTION  NUMBER  18  TYPE=SPRING 


Spring  Stiffness  in  X  .  =  6.000E+00 
Rotational  Stiffness.  .  =  O.OOOE+OO 
Bilinear  Factor  Transin. =  .001 

Angle  Global -Local  axes  =  .000 

3  SPRING  COMPONENTS  -  NO  INTERACTION 

Positive  X  Force.  .  .  .  =  3.000E+00 

Positive  Y  Force.  .  .  .  =  3.000E+00 

Positive  Moment  .  .  .  .  =  3.000E+00 


Negative  X  Force.  .  .  . 
Negative  Y  Force.  .  .  . 
Negative  Moment  .  .  .  . 


Spring  Stiffness  in  Y  .  = 
Weight/ (Unit  Length) . _ .  = 
Bilinear  Factor  Rotation= 


O.OOOE+OO 
1. 000E-03 
.000 


-  YIELD  FORCES  AND  MOMENTS 
Negative  X  Force.  .  .  • 

Negative  Y  Force .... 
Negative  Moment  .... 


=-2 . 100E+01 
=  -2 . 100E+01 
=  -2 . 100E+01 


Spring  Stiffness  in  Y  .  =  O.OOOE+OO 
Weight/ (Unit  Length).  .  =  1.000E-03 
Bilinear  Factor  Rotation=  .000 


-  YIELD  FORCES  AND  MOMENTS 

Negative  X  Force.  .  .  .  =-1.500E+01 
Negative  Y  Force.  .  .  .  =-1.500E+01 
Negative  Moment  ....  =-1.500E+01 


Spring  Stiffness  in  Y  .  =  0.000E+00 
Weight/ (Unit  Length).  .  =  1.000E-03 
Bilinear  Factor  Rotation=  .000 


-  YIELD  FORCES  AND  MOMENTS 
Negative  X  Force.  .  .  - 

Negative  Y  Force.  .  .  . 

Negative  Moment  .... 


=-9 . OOOE+OO 
=-9 . 000E+00 
=-9 . OOOE+OO 


Spring  Stiffness  in  Y  .  =  0.000E+00 
Weight/ (Unit  Length).  .  =  1.000E-03 
Bilinear  Factor  Rotation=  .000 


-  YIELD  FORCES  AND  MOMENTS 

Negative  X  Force.  .  .  .  =-3. 000E+00 
Negative  Y  Force.  .  .  .  =-3. 000E+00 
Negative  Moment  ....  =-3. OOOE+OO 


Bi-Linear  Hysteresis 
0 SECTION  NUMBER  19  TYPE=SPRING 


Spring  Stiffness  in  X  .  =  5.000E+01  Spring  Stiffness  in  Y  .  = 
Rotational  Stiffness.  .  =  0.000E+00  Weight/ (Unit  Length).  .  = 
Bilinear  Factor  Transln.=  .000  Bilinear  Factor  Rotation= 
Angle  Global-Local  axes  =  .000 


0 .OOOE+OO 
1 . OOOE-03 
.000 


Linear  Elastic  Hysteresis 


ft  A. X 


Horizontal  Axis=DI 
Vertical  ^  Axis=F  F 

1  0 . 0000E+00  0 . OOOOE+OO 

2  1 . 7714E-01  2 . 4290E- 01 

3  3 . 5244E-01  4.8327E-01 

4  5.2700E-01  7 . 2263E- 01 

5  7 . 0140E-01  9 . 6178E-01 

6  8 . 7590E-01  1.2011E+00 

7  1 . 0506E+00  1.4406E+00 

8  1 . 2254E+00  1.6804E+00 

9  1 . 4004E+00  1 . 9203E+00 

10  1 . 5755E+00  2 . 1604E+00 

11  1 . 7507E+00  2 . 4006E+00 

12  1 . 9259E+00  2.6408E+00 

13  2 . 1011E+00  2 . 8810E+00 

14  2.2763E+00  3.1213E+00 

15  2 . 4515E+00  3.3615E+00 

16  2 . 6267E+00  3.6017E+00 

17  2 . 8019E+00  3 . 8420E+00 

18  2 . 9771E+00  4.0822E+00 

19  3 . 1523E+00  4.3225E+00 

20  3 . 3275E+00  4.5627E+00 

21  3 . 5027E+00  4.8029E+00 

22  3 . 6779E+00  5.0431E+00 

23  3 . 8531E+00  5.2834E+00 

24  4 . 0282E+00  5.5236E+00 

25  4.2034E+00  5.7638E+00 

26  4 . 3786E+00  6.0041E+00 

27  4 . 5538E+00  6.2443E+00 

28  4 . 7290E+00  6.4845E+00 

29  4 . 9042E+00  6.7248E+00 

30  5 . 0794E+00  6.9650E+00 

31  5 . 2546E+00  7.2052E+00 

32  5 . 4298E+00  7.4455E+00 

33  5.6050E+00  7.6857E+00 

34  5 . 7802E+00  7.9259E+00 

35  5 . 9554E+00  8.1662E+00 

‘36  6 . 1306E+00  8.4064E+00 

37  6 . 3060E+00  8.6345E+00 

38  6 . 4822E+00  8.8267E+00 

39  6 . 6586E+00  9.0049E+00 

40  6 . 8353E+00  9.1720E+00 

41  7 . 0119E+00  9 . 3398E+00 

42  7 . 1886E+00  9.5077E+00 

43  7 . 3652E+00  9.6730E+00 

44  7 . 5420E+00  9.8362E+00 

45  7 . 7187E+00  9.9994E+00 

46  7 . 8956E+00  1.0153E+01 

47  8 . 0727E+00  1.0301E+01 

48  8 . 2497E+00  1.0449E+01 

49  8 . 4268E+00  1.0598E+01 

50  8 . 6038E+00  1.0745E+01 

51  8 . 7809E+00  1.0891E+01 

52  8 . 9580E+00  1.1037E+01 

53  9 . 1351E+00  1.1184E+01 

54  9 . 3121E+00  1.1330E+01 

55  9 . 4892E+00  1.1477E+01 

56  9 . 6663E+00  1.1624E+01 

57  9 . 8433E+00  1.1771E+01 

58  1 . 0020E+01  1 . 1918E+01 

(A)  (f) 


FitE 

C t>x$  p,  o..')  C  Rs** > 


A -2 .0 


A f$l.WT 


B  Cujl 


Horizontal  Axis=DlSP 
Vertical  ^  Axis=FORCE  F 


1 

0 .0000E+00 

0 . OOOOE+OO 

2 

1 . 7328E- 01 

4 . 0315E- 01 

3 

3 • 4533E- 01 

8 . 0345E- 01 

4 

5 . 1690E- 01 

1 . 2026E+00 

5 

6 . 8836E- 01 

1.6015E+00 

6 

8 . 5987E- 01 

2 . 0006E+00 

7 

1 . 0315E+00 

2 . 3999E+00 

8 

1 . 2  032E+00 

2 . 7994E+00 

9 

1.3750E+00 

3 . 1991E+00 

10 

1.5469E+00 

3 . 5990E+00 

11 

1.7188E+00 

3 . 9990E+00 

12 

1.8908E+00 

4 . 3991E+00 

13 

2 . 0628E+00 

4 . 7992E+00 

14 

2 .  2347E+00 

5 . 1994E+00 

15 

2 . 4  067E+00 

5 . 5996E+00 

16 

2 . 5787E+00 

5 . 9997E+00 

17 

2 . 7507E+00 

6 . 3999E+00 

18 

2 . 9227E+00 

6 . 8001E+00 

19 

3 . 0947E+00 

7 . 2002E+00 

20 

3 . 2667E+00 

7 . 6004E+00 

21 

3 . 4387E+00 

8 . 0006E+00 

22 

3 . 6107E+00 

8 . 4007E+00 

23 

3 . 7827E+00 

8 . 8009E+00 

24 

3 . 9547E+00 

9 „ 2011E+00 

25 

4 . 1267E+00 

9 . 6013E+00 

26 

4 . 2987E+00 

1.0001E+01 

27 

4 . 4707E+00 

1.0402E+01 

28 

4 . 6434E+00 

1 . 0768E+01 

29 

4 . 8172E+00 

1 . 1078E+01 

30 

4 . 9913E+00 

1 . 1371E+01 

31 

5 . 1657E+00 

1.1649E+01 

32 

5 . 34  03E+00 

1 . 1919E+01 

33 

5 . 5149E+00 

1.2190E+01 

34 

5 . 6895E+00 

1 . 2460E+01 

35 

5 . 8641E+00 

1 . 2731E+01 

36 

6 . 0389E+ 00 

1 . 2988E+01 

37 

6 . 2141E+00 

1.3230E+01 

38 

6 . 3892E+00 

1 . 3472E+01 

39 

6 . 5644E+00 

1 . 3715E+01 

40 

6 . 7395E+00 

1.3958E+01 

41 

6 . 9146E+00 

1.4202E+01 

42 

7 . 0898E+00 

1 . 4446E+01 

43 

7 . 2649E+00 

1 . 4690E+01 

44 

7 . 4400E+00 

1.4934E+01 

45 

7 . 6152E+00 

1 . 5176E+01 

46 

7 . 7903E+00 

1.5417E+01 

47 

7 . 9655E+00 

1.5659E+01 

48 

8 . 1407E+00 

1.5900E+01 

49 

8.3158E+00 

1.6142E+01 

50 

8 . 4911E+00 

1.6380E+01 

51 

8 . 6663E+00 

1.6618E+01 

52 

8 . 8415E+00 

1 . 6856E+01 

53 

9 . 0168E+00 

1.7095E+01 

54 

9 . 1920E+00 

1 . 7333E+01 

55 

9 . 3672E+00 

1.7571E+01 

56 

9 . 5425E+00 

1.7810E+01 

57 

9 . 7177E+00 

1.8049E+01 

58 

9 . 8929E+00 

C*> 

1 . 8287E+01 

(F) 

R.ESUOS 

Q,-LtNE  P  UJf 

Cr>isP,CnA 


fi~2l 


N 


C  U*jl 


Horizontal  Axis=D 
Vertical  A^xis=F 

F 

1 

0 .  OOOOE+OO 

0 .  OOOOE+OO 

2 

1 . 5393E- 01 

6 . 8562E-01 

3 

3 . 1913E-01 

1 . 4214E+00 

4 

4 . 8441E- 01 

2 . 1575E+00 

5 

6 .  4969E-01 

2 . 8936E+00 

6 

8 . 1496E- 01 

3 . 6297E+00 

7 

9 . 8024E- 01 

4 . 3658E+00 

8 

1 . 1455E+00 

5 . 1019E+00 

9 

1 . 3108E+00 

5 . 8380E+00 

10 

1 . 4761E+00 

6 . 5741E+00 

11 

1 . 6414E+00 

7 . 3102E+00 

12 

1 . 8066E+00 

8 . 0463E+00 

13 

1 . 9719E+00 

8 . 7824E+00 

14 

2 . 1372E+00 

9 . 5186E+00 

15 

2 . 3025E+00 

1 . 0255E+01 

16 

2 . 4677E+00 

1. 0991E+01 

17 

2 . 6330E+00 

1 . 1727E+01 

18 

2 . 7983E+00 

1.2463E+01 

19 

2 . 9636E+00 

1 . 3199E+01 

•  20 

3 . 1289E+00 

1 . 3930E+01 

21 

3 . 2969E+00 

1 . 4523E+01 

22 

3 . 4660E+00 

1 . 5064E+01 

23 

3 . 6355E+00 

1 . 5587E+01 

24 

3 . 8055E+00 

1 . 6087E+01 

25 

3 . 9756E+00 

1 . 6582E+01 

26 

4 . 1458E+00 

1 . 7070E+01 

27 

4 . 3161E+00 

1 . 7558E+01 

28  . 

4 . 4867E+00 

1 . 8023E+01 

29 

4 . 6576E+00 

1 . 847  6E+01 

30 

4 . 8285E+00 

1 . 892  9E+01 

31 

4 . 9996E+00 

1 . 9376E+01 

32 

5 . 1707E+00 

1 . 9823E+01 

33 

5 . 3417E+00 

2 . 0271E+01 

34 

5 . 5128E+00 

2 . 0716E+01 

35 

5 .6840E+00 

2.1156E+01 

36 

5 . 8552E+00 

2 . 1596E+01 

37 

6 . 0264E+00 

2 . 2037E+01 

38 

6 . 1976E+00 

2 . 2477E+01 

39 

6 . 3687E+00 

2.2918E+01 

40 

6 . 5400E+00 

2 . 3355E+01 

41 

6 . 7113E+00 

2.3792E+01 

42 

6 . 8825E+00 

2 .4229E+01 

43 

7. 0539E+00 

2 . 4660E+01 

44 

7 . 2255E+00 

2 . 5081E+01 

45 

7.397  0E+00 

2 . 5502E+01 

46 

7.5686E+00 

2 . 5923E+01 

47 

7 . 7402E+00 

2 . 6344E+01 

48 

7 . 9119E+00 

2 . 6719E+01 

49 

8 . 0893E+00 

2 . 6869E+01 

50 

8 . 2668E+00 

2 . 6995E+01 

51 

8 . 4443E+00 

2 . 7120E+01 

52 

8 . 6218E+00 

2 . 7246E+01 

53 

8 . 7993E+00 

2 . 7372E+01 

54 

8 . 9767E+00 

2 . 7498E+01 

55 

9 .1542E+00 

2 . 7623E+01 

56 

9 . 3317E+00 

2 . 7749E+01 

57 

9 . 5092E+00 

2 . 7875E+01 

58 

9.6867E+00 

2 . 8000E+01 

(A) 

(r) 

p OiHO'&Z  RBSOO-^ 
C-/JNE 

( p  ISP,  iV^  ('£©**,  ky*) 


QNDj^  JiUi  cXifal »  q^sioc/ri 


Horizontal  Axis=DlSP 
Vertical  ^  Axis=FORCE  p 

1  0 . 0000E+00  0 . 0000E+00 

2  1.4605E-01  -1 . 5146E+00 

3  2 . 9452E- 01  -3.0543E+00 

4  4 . 4408E- 01  -4.6052E+00 

5  5 . 9393E-01  -6.1591E+00 

6  7.4368E-01  -7.7120E+00 

7  8 . 9321E-01  -  9 . 2627E+00 

‘  8  1 . 0425E+00  -1 . 0811E+01 

9  1 . 1917E+00  -1 . 2358E+01 

10  1 . 3408E+00  -1 . 3905E+01 

11  1 . 4899E+00  -1 . 5450E+01 

12  1 . 6390E+00  -1 . 6996E+01 

13  1 . 7880E+00  -1 . 8542E+01 

14  1 . 9371E+00  -2 . 0088E+01 

15  2 . 0920E+00  -2.1354E+01 

16  2 . 2484E+00  -2.2524E+01 

17  2 . 4063E+00  -2.3624E+01 

18  2 . 5643E+00  -2.4721E+01 

19  2 . 7227E+00  -2.5804E+01 

20  2 . 8817E+00  -2.6851E+01 

21  3 . 0408E+00  -2.7898E+01 

22  3 . 2007E+00  -2.8899E+01 

23  3 . 3613E+00  -2.9868E+01 

24  3 . 5219E+00  -3.0839E+01 

25  3 . 6824E+00  -3.1815E+01 

26  3 . 8429E+00  -3.2790E+01 

27  4 . 0037E+00  -3.3751E+01 

28  4 . 1653E+00  -3.4672E+01 

29  4.3269E+00  -3.5594E+01 

30  4 . 4884E+00  -3.6515E+01 

31  4 . 6500E+00  -3.7437E+01 

32  4 . 8174E+00  -3.8098E+01 

33  4 . 9915E+00  -3.8379E+01 

34  5 . 1656E+00  -3.8661E+01 

35  5 . 3398E+00  -3.8945E+01 

36  5 . 5143E+00  -3.9215E+01 

37  5 . 6891E+00  -3.9476E+01 

38  5 . 8639E+00  -3.9738E+01 

39  6 . 0386E+00  -3.9999E+01 

40  6 . 2134E+00  -4.0261E+01 

41  6.3882E+00  -4.0522E+01 

42  6 . 5629E+00  -4.0784E+01 

43  6 . 7377E+00  -4.1045E+01 

44  6 . 9125E+00  -4.1307E+01 

45  7 . 0873E+00  -4.1568E+01 

46  7 . 2620E+00  -4.1830E+01 

47  7 . 4368E+00  -4.2091E+01 

48  7 . 6116E+00  -4.2353E+01 

49  7 . 7863E+00  -4.2614E+01 

50  7 . 9611E+00  -4 . 2875E+01 

51  8 . 1360E+00  -4 . 3133E+01 

52  8 . 3113E+00  -4.3370E+01 

53  8 . 4866E+00  -4.3603E+01 

54  8 . 6615E+00  -4.3825E+01 

55  8 . 8369E+00  -4.4071E+01 

56  9 . 0161E+00  -4 . 4113E+01 

57  9 . 1962E+00  -4.4124E+01 

58  9 . 3763E+00  -4.4116E+01 

(A)  (F) 


PUSHOVER  Resi^ 

C*A  CForct.lcC^ 
CnJc&l:  -*L 


£  /sitJL 


Horizontal  Axis=DISP 
Vertical^  Axis= FORCE  p 

1  0 . 0000E+00  0 . 0000E+00 

2  1 . 0242E- 01  -3 . 5537E+00 

3  2 . 1373E-01  -7 . 4148E+00 

4  3 . 1831E-01  -1 . 1043E+01 

5  4 . 2375E-01  -1.4701E+01 

6  5 . 3115E-01  -1 . 8427E+01 

7  6.3703E-01  -2.2100E+01 

8  7 . 4312E- 01  -2 . 5781E+01 

9  8 . 4964E- 01  -2.9476E+01 

10  9 . 5581E- 01  -3 . 3160E+01 

11  1 . 0622E+00  -3 . 6825E+01 

12  1 . 1789E+00  -3 . 9993E+01 

13  1 . 2992E+00  -4.2983E+01 

14  1.4199E+00  -4.5942E+01 

15  1 . 5434E+00  -4.8769E+01 

16  1 . 6670E+00  -5 . 1594E+01 

17  1 . 7923E+00  -5.4326E+01 

18  1 . 9185E+00  -5 . 7020E+01 

19  2 . 0446E+00  -5.9711E+01 

20  2 . 1717E+00  -6 . 2357E+01 

21  2 . 3015E+00  -6 . 4868E+01 

22  2 . 4521E+00  -6.6276E+01 

23  2 . 6148E+00  -6.7165E+01 

24  2 . 7775E+00  -6.8042E+01 

25  2 . 9401E+00  -6.8917E+01 

26  3 . 1043E+00  -6.9757E+01 

27  3 . 2680E+00  -7.0432E+01 

28  3.4341E+00  -7.1272E+01 

29  3 . 5987E+00  -7.1951E+01 

30  3 . 7628E+00  -7.2733E+01 

31  3 . 9275E+00  -7.3481E+01 

32  4 . 0934E+00  -7.4208E+01 

33  4 . 2592E+00  -7.4950E+01 

34  4 . 4256E+00  -7.5698E+01 

35  4 . 5904E+00  -7.6427E+01 

36  4 . 7569E+00  -7.7093E+01 

37  4 . 9239E+00  -7.7672E+01 

38  5 . 1059E+00  -7.7636E+01 

39  5 . 2850E+00  -7.7684E+01 

40  5 . 4628E+00  -7.7706E+01 

41  5 . 6494E+00  -7.7544E+01 

42  5 . 8237E+00  -7.7589E+01 

43  6 . 0057E+00  -7.7481E+01 

44  6 . 1833E+00  -7.7678E+01 

45  6 . 3663E+00  -7.7404E+01 

46  6 . 5433E+00  -7.7480E+01 

47  6 . 7283E+00  -7.7488E+01 

48  6 . 9045E+00  -7.7679E+01 

49  7 . 0866E+00  -7.7386E+01 

50  7 . 2616E+00  -7.7685E+01 

51  7 . 4448E+00  -7.7694E+01 

52  7 . 6242E+00  -7.7683E+01 

53  7 . 8079E+00  -7.7693E+01 

54  7 . 9858E+00  -7.7697E+01 

55  8 . 1662E+00  -7.7696E+01 

56  8 . 3449E+00  -7.7703E+01 

57  8 . 5265E+00  -7.7693E+01 

58  8 . 7045E+00  -7.7698E+01 


POSHOVBR  ReSVlT* 
£-  tltlE  P/LE 
Cx>/SP,  iVs) 


F  Cc*  "D 


Horizontal  Axis=D 

Vertical  AAxis=F 

F 

1 

0 . 0000E+00 

0 . 0000E+00 

2 

4 . 9029E-02 

6 . 6069E+00 

3 

9 . 7748E- 02 

1 .3173E+01 

4 

1.4635E-01 

1 . 9722E+01 

5 

1 . 9493E- 01 

2 . 6269E+01 

6 

2 . 4353E- 01 

3 . 2819E+01 

7 

2 . 9216E- 01 

3 . 9373E+01 

8 

3 . 4082E-01 

4 . 5931E+01 

9 

3 . 8951E- 01 

5 . 2492E+01 

10 

4 . 3820E-01 

5 . 9055E+01 

11 

4 . 8691E- 01 

6 . 5619E+01 

12 

5 . 3562E- 01 

7 . 2184E+01 

13 

5 . 8904E-01 

7 . 8497E+01 

14 

6 . 4521E- 01 

8 . 4686E+01 

15 

7 . 0284E- 01 

9 . 0814E+01 

16 

7 . 6383E- 01 

9 . 6763E+01 

17 

8.2637E-01 

1 . 0263E+02 

18 

8 . 9178E-01 

1. 0837E+02 

19 

9 . 5912E- 01 

1 . 1399E+02 

20 

1 . 0268E+00 

1.1960E+02 

21 

1.1476E+00 

1 . 2246E+02 

22 

1.2729E+00 

1 . 2526E+02 

23 

1.3982E+00 

1 . 2800E+02 

24 

1 . 5310E+00 

1.3037E+02 

25 

1 . 6647E+00 

1 . 3268E+02 

26 

1 .  7992E+00 

1 . 3494E+02 

27 

1 . 9347E+00 

1 . 3713E+02 

28 

2 . 0716E+00 

1 . 3925E+02 

29 

2 .2134E+00 

1 . 4113E+02 

30 

2 .3550E+00 

1 . 4301E+02 

31 

2 . 4966E+00 

1 . 4490E+02 

32 

2 . 6383E+00 

1 . 4679E+02 

33 

2 . 7967E+00 

1 . 4815E+02 

34 

2 . 9691E+00 

1 . 4824E+02 

35 

3 . 1451E+00 

1 . 4835E+02 

36 

3 . 3222E+00 

1 . 4851E+02 

37 

3 . 5018E+00 

1 . 4857E+02 

38 

3 . 6817E+00 

1 . 4859E+02 

39 

3 . 8616E+00 

1 . 4860E+02 

40 

4 . 0415E+00 

1 . 4863E+02 

41 

4 . 2213E+00 

1.4867E+02 

42 

4 . 4012E+00 

1 . 4870E+02 

43 

4 . 5811E+00 

1 . 4872E+02 

44 

4 . 7610E+00 

1 . 4874E+02 

45 

4 . 9408E+00 

1 . 4877E+02 

46 

5 . 1207E+00 

1 . 4878E+02 

47 

5 .  3006E+00 

1 . 4880E+02 

48 

5 . 4805E+00 

1 . 4881E+02 

49 

5 . 6604E+00 

1 . 4882E+02 

50 

5 . 8402E+00 

1 . 4883E+02 

51 

6 . 0201E+00 

1 . 4884E+02 

52 

6.2000E+00 

1 . 4885E+02 

53 

6.3799E+00 

1 . 4886E+02 

54 

6 . 5597E+00 

1 . 4886E+02 

55 

6 . 7396E+00 

1 . 4887E+02 

56 

6 . 9195E+00 

1 . 4888E+02 

57 

7 . 0994E+00 

1 . 4889E+02 

58 

7 . 2792E+00 

(4) 

1 . 4889E+02 

( F ) 

F-zi^e  P*^ 
tasks') 

*>fek= 


^dba  H  ctiiod  S 


METHOD  B  ANALYSIS  OF  NAVY  WHARF 
2  0  1  0  0  0 

9  12  6  5  1  2  386.2  5.  5.  0.01  2  1. 

5  2  0  1  1.  10  5.  5. 

2 

NODES  0 

1  -1386  570.5  000 

2  -1396  570.5  111 

3  1386  570.5  000 

4  1376  570.5  111 

5  -1386  -251.3  000 

6  -1396  -251.3  111 

7  1386  -251.3  000 

8  1376  -251.3  111 

9  0.  0.  0  0  0 
ELEMENTS  0 
1112 

2  13  4 

3  2  5  6 

4  2  7  8 

5  5  13 

6  5  5  7 

7  3  15 

8  3  3  7 

9  6  19 

10  6  3  9 

11  4  5  9 

12  4  7  9 
PROPS 

1  SPRING 

1400  2800.  2800.  10000.  0.  0.1  1. 

350  -350  350  -350  350  -350 
0.5  0.5  1  2 

2  SPRING 

1400  81.5  81.5  1000.  0.  0.1  1. 

40  -40  40  -40  40  -40 
0.5  0.5  1  2 

3  FRAME 
10  0  0 

47700.  20000.  100000.  0.  500000.  0.  400 


"Memos  s  wput  fr*T/L 

-Ipfitg/’ 


.  400. 


4  FRAME 

47700.  20000.  100000.  0.  500000.  0.  700.  700. 


5  FRAME 

47700.  20000.  100000.  0.  500000.  0.  1350  1350 

6  FRAME 

47700.  20000.  100000.  0.  500000.  0.  745.  745. 
WEIGHTS  0 
1  3061  3061  3061 
3  3061  3061  3061 
5  7163  7163  7163 

7  7163  7163  7163 
LOADS 

1  0.  0.  0. 

EQUAKE 

0  1  0.01  1.0  -1 
START 


£-8. 


DATE:  15  FEBRUARY  2000 


RUMNOKD 


TIME  7:12:37.89 


Meoet  8  t>fnr)  eoto 
+  m  ot>fu  Dffrfi 


STRUCTURE 

METHOD  B  ANALYSIS  OF  NAVY  WHARF 


ANALYSIS  DETAILS 


Analysis  Type  :  In-elastic 

Time  Variation:  Time-history  -  Newmark  (Beta  =  0.25) 

Mass  Matrix  :  Lumped  .  ,  ,  .  .  _ 

Damping  Matrix:  Alpha*  [Mass]  +Beta*  [Initial  Stiffness]  Rayleigh  Damping 
Earthquake  Excitation  with  1  Accelerogram  Components 
Binary  post -processor  (.RES)  file 
Small  Displacement  analysis 


STRUCTURAL  DATA 


Number  of  Space  Dimensions  2 
Number  of  Equations  per  Node  3 
Number  of  Nodes  9 
No. Apparent  Degrees  of  Freedom  27 
Number  of  Members  12 
Number  of  Member  Sections  6 
Number  of  Mode  Shapes  Required  5 
Pictures  of  Displaced  Frame  NO 
Acceleration  of  Gravity  386.200 
%  Critical  Damping  Mode  1  =  5.00 
%  Critical  Damping  Mode  2  =  5.00 


METHOD  8 

/Z\Jf)UH0i4o  BCHO 

a.  MOD FU. 


TIME-HISTORY  DATA 


Excitation  Time-step  .01000  Seconds 

Duration  of  Excitation  2.000  Seconds 

Excitation  Multiplier  1.000E+00 

No.  Steps  between  Print-outs  5 

No.  Steps  between  Disk  Output  2 

No.  Steps  between  Pictures  0 

ScreenPlot  Mutiplier  10.000 

Max.  X  Displace. (Screen)  5.000 

Max.  Y  Displace. (Screen)  5.000 

Max.  Cycles  of  Newton-Raphson  2 

Max.  Cycles  Damping  Iteration  0 

Force  Norm  Limit  1.000E-03 

Wave  Velocity  -  X  axis.  O.OOOE+OO 

wave  Velocity  -  Y  axis.  0.000E+00 

1st  Quake  component  from  X  .000  Degrees 

DYNAPLOT  Nodal  Output:  Displacement , Damping  Force, Inertia  Force  &  Load 


INODE  POSITION  OF  NODES 

No.  X  Co-ord  Y  Co-ord 

1  -1 . 3860E+03  5 . 7050E+02 

2  -1 . 3960E+03  5.7050E+02 

3  1.3860E+03  5.7050E+02 

4  1.3760E+03  5.7050E+02 

5  -1 . 3860E+03-2 . 5130E+02 

6  -1.396 0E+03-2 .5130E+02 

7  1 . 3860E+03-2 . 5130E+02 

8  1.3760E+03-2. 5130E+02 


NODE  FIXITY  MASTER  NODE 
X  Y  z  X  Y  z 

0  0  0  0  0  0 

111  000 

0  0  0  0  0  0 

111  000 

0  0  0  0  0  0 

111  000 

0  0  0  0  0  0 

111  000 


OUTPUT 

Flag 

0 

0 

0 

0 

0 

0 

0 

0 


3-6-3 


9  0 . OOOOE+OO  0 . OOOOE+OO  000  00 


0 


MEMBER 

SECTION 

NODE 

NODE 

Number 

Number 

Endl 

End2 

1 

1 

1 

2 

2 

1 

3 

4 

3 

2 

5 

6 

4 

2 

7 

8 

5 

5 

1 

3 

6 

5 

5 

7 

7 

3 

1 

5 

8 

3 

3 

7 

9 

6 

1 

9 

10 

6 

3 

9 

11 

4 

5 

9 

12 

4 

7 

9 

MEMBER 

NODE  NODE  NODE  OUTPUT 
Innerl  Inner2  zz-axis  Flag 
12  0 

3  4  0 

5  6  0 

7  8  0 

1  3  0 

5  7  0 

15  0 

3  7  0 

19  0 

3  9  0 

5  9  0 

7  9  0 

PROPERTIES  TABLE 


0 SECTION  NUMBER  1  TYPE= SPRING 


Spring  Stiffness  in  X  .  =  2.800E+03 
Rotational  Stiffness.  .  =  1.000E+04 
Bilinear  Factor  Transin. =  .100 
Angle  Global-Local  axes  =  .000 


Spring  Stiffness  in  Y  .  = 
Weight/ (Unit  Length) . _ .  = 
Bilinear  Factor  Rotation= 


2 . 800E+03 
0 . 000E+00 
1.000 


3  SPRING  COMPONENTS  -  NO  INTERACTION 

Positive  X  Force.  .  .  .  =  3.500E+02 

Positive  Y  Force.  .  .  .  =  3.500E+02 

Positive  Moment  .  .  .  .  =  3.500E+02 


YIELD  FORCES  AND  MOMENTS 


Negative  X  Force.  .  .  .  =-3.500E+02 
Negative  Y  Force.  .  .  -  =-3.500E+02 
Negative  Moment  ....  =-3.500E+02 


Modified  Bi-linear  TAKEDA  Hystersis 
ALPHA  (Unloading)  .  .  .  =  .5000 
N  Power  Factor . =  1 . 


BETA  (Reloading)  .  .  .  = 

Unload  ( 1= DRAIN; 2=EMORI) = 


.5000 

2. 


0 SECTION  NUMBER  2  TYPE= SPRING 


Spring  Stiffness  in  X  .  =  8.150E+01 
Rotational  Stiffness.  .  =  1.000E+03 
Bilinear  Factor  Transln.=  .100 

Angle  Global-Local  axes  =  .000 

3  SPRING  COMPONENTS  -  NO  INTERACTION 

Positive  X  Force.  .  .  .  =  4.000E+01 

Positive  Y  Force.  .  .  .  =  4.000E+01 

Positive  Moment  .  .  .  .  =  4.000E+01 

Modified  Bi-linear  TAKEDA  Hystersis 
ALPHA  (Unloading)  .  .  .  =  .5000 

N  Power  Factor . =  1- 


Spring  Stiffness  in  Y  .  =  8.150E+01 
Weight/ (Unit  Length).  .  =  O.OOOE+OO 
Bilinear  Factor  Rotation=  1.000 


-  YIELD  FORCES  AND  MOMENTS 

Negative  X  Force.  .  -  .  =-4.000E+0l 
Negative  Y  Force.  .  .  -  =-4.000E+01 
Negative  Moment  ....  =-4.000E+01 


BETA  (Reloading)  .  .  .  = 

Unload  ( 1=DRAIN ; 2  =EMORI )  = 


OSECTION  NUMBER  3  TYPE=FRAME  -GIBERSON 


Elastic  Modulus  .  .  .  .  =  4.770E+04 
Cross  Sectional  Area.  .  =  1.000E+05 
Moment  of  Inertia  .  .  .  =  5.000E+05 
End-block  Length  End  1  =  4.000E+02 
Joint  Flexibility  End  1  =  O.OOOE+OO 
Perfect  Hinge  at  End  1  =  NO 


BEAM 


Shear  Modulus  .  =  2.000E+04 

Shear  Area . =  O.OOOE+OO 

weight/ (Unit  Length).  .  =  0.000E+00 
End-block  Length  End  2  =  4.000E+02 
Joint  Flexibility  End  2  =  0.000E+00 


Perfect  Hinge  at  End  2  = 


Linear  Elastic  Hysteresis 
0 SECTION  NUMBER  4  TYPE = FRAME  -GIBERSON  BEAM 


Elastic  Modulus  .  .  .  .  =  4.770E+04  Shear  Modulus  . 

Cross  Sectional  Area.  .  =  1.000E+05  Shear  Area . 

Moment  of  Inertia  .  .  .  =  5.000E+05  Weight/ (Unit  Length) .  . 

End-block  Length  End  1  =  7.000E+02  End-block  Length  End  2 

Joint  Flexibility  End  1  =  0.000E+00  Joint  Flexibility  End  2 

Perfect  Hinge  at  End  1  =  NO  Perfect  Hinge  at  End  2 

Linear  Elastic  Hysteresis 

0 SECTION  NUMBER  5  TYPE = FRAME  -GIBERSON  BEAM 


Elastic  Modulus  .  .  .  .  =  4.770E+04  Shear  Modulus  . 

Cross  Sectional  Area.  .  =  1.000E+05  Shear  Area.  . 

Moment  of  Inertia  .  .  .  =  5.000E+05  Weight/ (Unit  Length) .  . 

End-block  Length  End  1  =  1.350E+03  End-block  Length  End  2 

joint  Flexibility  End  1  =  O.OOOE+OO  Joint  Flexibility  End  2 

Perfect  Hinge  at  End  1  =  NO  Perfect  Hinge  at  End  2 

Linear  Elastic  Hysteresis 

0 SECTION  NUMBER  6  TYPE=FRAME  -GIBERSON  BEAM 


Elastic  Modulus  .  .  .  .  =  4.770E+04  Shear  Modulus  . 

Cross  Sectional  Area.  .  =  1.000E+05  Shear  Area.  . 

Moment  of  Inertia  .  .  .  =  5.000E+05  Weight/ (Unit  Length) .  . 

End-block  Length  End  1  =  7.450E+02  End-block  Length  End  2 

Joint  Flexibility  End  1  =  O.OOOE+OO  Joint  Flexibility  End  2 

Perfect  Hinge  at  End  1  =  NO  Perfect  Hinge  at  End  2 

Linear  Elastic  Hysteresis 


1  LUMPED  WEIGHT  AT  NODE 

Node  X-Weight  Y-Weight  Z-Rotatn 

1  3 . 061E+03  3 . 061E+03  3.061E+03 

3  3 . 061E+03  3 . 061E+03  3.061E+03 

5  7 . 163E+03  7 . 163E+03  7.163E+03 

7  7 . 163E+03  7 . 163E+03  7.163E+03 

1  STATIC  LOADING 

Node  X-Force  Y-Force  z-Moment 

1 

EXCITATION  COMPONENT  1  is  in  "  BERG  "  FORMAT 
In  FILE . EL40NSC .  EQB 


First  Line  Number . =  1 

Digitizing  DT.  .  .=  .010 

1/ (Scale -Factor)  .=  1.000E+00 

Excitation  zero  padded  after  End-of-File 
Initial  Velocity  =  .000 

Initial  Displacemt=  .000 

Time  Scale  =  1.000 

1 FINAL  TOTAL  "LUMPED"  NODAL  WEIGHT 


NODE  X  Dirtn.  Y  Dirtn.  Theta- Z 

1  3 . 0610E+03  3.0610E+03  3.0610E+03 
3  3 . 0610E+03  3.0610E+03  3.0610E+03 
5  7 . 1630E+03  7.1630E+03  7.1630E+03 


2 . 000E+04 
0 . 000E+00 
O.OOOE+OO 
7 . 000E+02 
O.OOOE+OO 
NO 


2 . 000E+04 
O.OOOE+OO 
0.000E+00 
1 . 350E+03 
0 . 000E+00 
NO 


2 . 000E+04 
O.OOOE+OO 
O.OOOE+OO 
7 . 450E+02 
O.OOOE+OO 
NO 


1 

7 . 1630E+03 

7 . 1630E+03 

7 . 1630E+03 

Total 

2 . 0448E+04 

2 . 0448E+04 

NATURAL  FREQUENCIES 

MODE 

Frequency 

Period 

%  Damping 

Damped  Freq 

1 

1 . 346E+00 

7 . 430E-01 

5. OOOE+OO 

1 . 344E+00 

2 

1 . 660E+00 

6.022E-01 

5. OOOE+OO 

1.658E+00 

3 

1 . 987E+00 

5 . 034E-01 

5 . 175E+00 

1. 984E+00 

4 

6 . 353E+02 

1 . 574E-03 

1 . 057E+03 

Complex 

5 

9.293E+02 

1 . 076E-03 

1 . 546E+03 

Complex 

6 

9 . 318E+02 

1.073E-03 

1 . 550E+03 

Complex 

7 

1 . 182E+03 

8 . 457E-04 

1 . 967E+03 

Complex 

8 

1 . 204E+03 

8 . 305E-04 

2 . 003E+03 

Complex 

9 

1 . 526E+05 

6 . 553E-06 

2.538E+05 

Complex 

10 

2 . 453E+05 

4 . 077E-06 

4 . 080E+05 

Complex 

11 

7 . 075E+05 

1 . 413E-06 

1 . 177E+06 

Complex 

12 

7 . 514E+05 

1 . 331E-06 

1 . 250E+06 

Complex 

RAYLEIGH  DAMPING  Alpha=  4.67048E-01  Beta=  5.29414E-03 

1  MODAL  PROPERTIES  -  1  Excitation  Components 


MODE  Part -Fact  Eff-Mass 

1  6.421E-01  2 . 949E+01 

2  2 . 008E-11  2 . 135E-20 

3  6.421E-01  2 . 345E+01 

4  -4.700E-11  1 . 324E-20 

5  2 . 876E-06  3.696E-10 

1 


%-M 

56 

56 

100 

100 

100 

NORMAL  MODES  OF  THE  FRAME 


NODE  D.O.f. 
1  X-Disp. 
1  Y-Disp. 
1  Z-Rotn. 
3  X-Disp. 
3  Y-Disp. 
3  Z-Rotn. 
5  X-Disp. 
5  Y-Disp. 
5  Z-Rotn. 
7  X-Disp. 
7  Y-Disp. 
7  Z-Rotn. 
9  X-Disp. 
9  Y-Disp. 
9  Z-Rotn. 


Mode  1 
5.573E-01 
-7.466E-01 
5 . 386E-04 
5 . 573E-01 
7.466E-01 
5 . 386E-04 
1 . 000E+00 
-7.466E-01 
5 . 386E-04 
1 . 000E+00 
7.466E-01 
5.386E-04 
8.646E-01 
-2 . 018E-11 
5.386E-04 


Mode  2 
-8 . 821E-07 
1. 000E+00 
4 . 160E-09 
8.822E-07 
1. 000E+00 
-4.160E-09 
-8 . 930E-07 
1 . 000E+00 
-8 . 144E-09 
8.930E-07 
1 . 000E+00 
8.144E-09 
2 . 007E-11 
1 . 000E+00 
2 . 478E-15 


Mode  3 
1 . 000E+00 
7.466E-01 
-5.386E-04 
1 . 000E+00 
-7 . 466E-01 
-5 . 386E-04 
5 . 574E-01 
7 . 466E-01 
-5 . 386E-04 
5.574E-01 
-7.466E-01 
-5 . 386E-04 
6.927E-01 
-1 . 110E-11 
-5 . 386E-04 


Mode  4 
-4 . 203E-01 
1 . 826E-02 
1 . 402E-03 
4.203E-01 
1 . 826E-02 
-1.402E-03 
2 . 930E-01 
-7 . 802E-03 
1.459E-03 
-2 . 930E-01 
-7 . 802E-03 
-1 . 459E-03 
-6 . 313E-12 
1. 000E+00 
-3 . 406E-15 


Mode  5 
7 . 925E-01 
1. OOOE+OO 
2.308E-03 
7.925E-01 
1. 000E+00 
2.308E-03 
3.387E-01 
6 . 281E-01 
1 . 532E-04 
3.387E-01 
6 .281E-01 
1.532E-04 
6.555E-02 
2 . 587E-10 
6 . 466E-04 


A-tO 


VftTfi  Pod  O 


A-P-l 


METHOD  D  ANALYSIS  OF  NAVY  WHARF  (Inelastic  Time  History) 
2  0  1  0  0  0 

20  29  9  6  1  3  386.2  2.  2.  0.01  20  1.5 
5  2  0  1  1.  10  5.  5. 

2 

NODES  0 

1  -3786  570.5  000 

2  -3796  570.5  111 

3  -1014  570.5  000 

4  -1024  570.5  111 

5  -3786  -251.3  000 

6  -3796  -251.3  111 

7  -1014  -251.3  000 

8  -1024  -251.3  111 

9  -2400.  0.  0000003 

10  -5  00000003 

11  1014  570.5  000 

12  1004  570.5  111 

13  3786  570.5  000 

14  3776  570.5  111 

15  1014  -251.3  000 

16  1004  -251.3  111 

17  3786  -251.3  000 

18  3776  -251.3  111 

19  2400.  0.  0000003 
2050.  0000003 
ELEMENTS  3 
1  1  1  2  0  0  0 

2  13  4 

3  2  .5  6 

4  2  7  8 

5  5  13 

6  5  5  7 

7  3  15 

8  3  3  7 

9  6  19 

10  6  3  9 

11  4  5  9 

12  4  7  9 

13  1  11  12 

14  1  13  14  0  0  0 

15  2  15  16 

16  2  17  18 

17  5  11  13 

18  5  15  17 

19  3  11  15 

20  3  13  17 

21  6  11  19 

22  6  13  19 

23  4  15  19 

24  4  17  19 

25  7  3  10 

26  7  11  20 

27  8  7  10 

28  8  15  20 

29  9  10  20  000 

PROPS 
1  SPRING 

1400  2800.  2800.  10000.  0.  0.0553  1. 

3630  -3630  3630  -3630  3630000  -3630000 


*-0Z 


0.5  0.5  1  2 

2  SPRING 

1400  81.5  81.5  1000.  0.  0.631  1. 
326  -326  326  -326  326000  -326000 
0.5  0.5  1  2 

3  FRAME 
10  0  0 


47700.  20000.  100000. 
4  FRAME 

0. 

500000 . 

0. 

400.  400. 

1 

1 

47700.  20000.  100000. 
5  FRAME 

0. 

500000. 

0. 

700  . 

700. 

■ 

1 

47700.  20000.  100000 
6  FRAME 

.  0 

.  500000 

.  0 

.  1350  1350 

1 

1 

47700.  20000.  100000. 
7  FRAME 

0. 

500000 . 

0. 

745  . 

745. 

1 

1 

47700.  20000.  100000. 
8  FRAME 

0. 

500000. 

0. 

575.  575. 

1 

1 

47700.  20000.  100000. 

0. 

500000. 

0. 

515.  515. 

■ 

9  FRAME 
1  1 

47700.  20000.  100000.  0.  500000. 
WEIGHTS  0 

I  3061  3061  3061 
3  3061  3061  3061 
5  7163  7163  7163 
7  7163  7163  7163 

II  3061  3061  3061 
13  3061  3061  3061 
15  7163  7163  7163 
17  7163  7163  7163 
LOADS 

1  0.  0.  0. 

EQUAKE 

0  1  0.01  1.0  -1 
START 


*-32 


DATE:  16  FEBRUARY  2000  TIME  8:28:  .46 

STRUCTURE 

METHOD  D  ANALYSIS  OF  NAVY  WHARF  (Inelastic  Time  History) 


ANALYSIS  DETAILS 


Analysis  Type  :  In-elastic 

Time  Variation:  Time-history  -  Newmark  (Beta  =  0.25) 
Mass  Matrix  :  Lumped  ,  .  . 

Damping  Matrix:  Alpha* [Mass] +Beta* [Initial  Stiffness] 
Earthquake  Excitation  with  1  Accelerogram  Components 
Binary  post-processor  (.RES)  file 
Small  Displacement  analysis 


Rayleigh  Damping 


STRUCTURAL  DATA 


Number  of  Space  Dimensions 
Number  of  Equations  per  Node 
Number  of  Nodes 

No. Apparent  Degrees  of  Freedom 
Number  of  Members 
Number  of  Member  Sections 
Number  of  Mode  Shapes  Required 
Pictures  of  Displaced  Frame 
Acceleration  of  Gravity 
%  Critical  Damping  Mode 
%  Critical  Damping  Mode 


ftBTHOb  t> 

2 

MW 

3 

20 

+MG PPIL  R BSOiXS 

60 

29 

6 

9 


NO 
386.200 
1  =  2.00 
3  =  2.00 


TIME -HISTORY  DATA 


Excitation  Time-step  .01000  Seconds 

Duration  of  Excitation  20.000  Seconds 

Excitation  Multiplier  1.500E+00 

No.  Steps  between  Print-outs  5 

No.  Steps  between  Disk  Output  2 

No.  Steps  between  Pictures  0 

ScreenPlot  Mutiplier  10.000 

Max.  X  Displace. (Screen)  5.000 

Max.  Y  Displace. (Screen)  5.000 

Max.  Cycles  of  Newton-Raphson  2 

Max.  Cycles  Damping  Iteration  0 

Force  Norm  Limit  1.000E-03 

Wave  Velocity  -  X  axis.  O.OOOE+OO 

Wave  Velocity  -  Y  axis.  0.000E+00 

1st  Quake  component  from  X  .000  Degrees  , 

DYNAPLOT  Nodal  Output:  Displacement , Damping  Force, Inertia  Force  &  Load 


INODE 

POSITION  OF  NODES 

NODE 

FIXITY 

MASTER  NODE 

OUTPUT 

NO. 

X  Co-ord  Y  Co-ord 

X 

Y 

z 

X 

Y 

z 

Flag 

1 

-3.7860E+03  5.7050E+02 

0 

0 

0 

0 

0 

0 

0 

2 

-3 . 7960E+03  5.7050E+02 

1 

1 

1 

0 

0 

0 

0 

3 

-1 . 0140E+03  5 . 7050E+02 

0 

0 

0 

0 

0 

0 

0 

A 

4 

-1 . 0240E+03  5 . 7050E+02 

1 

1 

1 

0 

0 

0 

0 

5 

-3 . 7860E+03-2 .5130E+02 

0 

0 

0 

0 

0 

0 

0 

6 

-3 . 796 0E+ 03-2 . 5130E+02 

1 

1 

1 

0 

0 

0 

0 

7 

-1 . 0140E+03-2 . 5130E+02 

0 

0 

0 

0 

0 

0 

0 

8 

-1 . 0240E+03-2 . 5130E+02 

1  1 

3 

1 

0 

0 

0 

0 

rt-T>~4 


9 

-2 . 4000E+03 

0. 0000E+00 

0 

10 

-5 . 0000E+00 

0. OOOOE+OO 

0 

11 

1 . 0140E+03 

5 . 7050E+02 

0 

12 

1. 0040E+03 

5 . 7050E+02 

1 

13 

3 . 7860E+03 

5 . 7050E+02 

0 

14 

3 . 7760E+03 

5 . 7 050E+02 

1 

15 

1. 0140E+03 

-2 . 5130E+02 

0 

16 

1. 0040E+03 

-2 . 5130E+02 

1 

17 

3 . 7860E+03 

-2 . 5130E+02 

0 

18 

3 . 7760E+03 

-2 . 5130E+02 

1 

19 

2 . 4000E+03 

0. 0000E+00 

0 

20 

5  .  OOOOE+OO 

0. 0000E+00 

0 

MEMBER 

SECTION 

NODE 

NODE 

Number 

Number 

Endl 

End2 

1 

1 

1 

2 

2 

1 

3 

4 

3 

2 

5 

6 

4 

2 

7 

8 

5 

5 

i 

3 

6 

5 

5 

7 

7 

3 

i 

5 

8 

3 

3 

7 

9 

6 

1 

9 

10 

6 

3 

9 

11 

4 

5 

9 

12 

4 

7 

9 

13 

1 

11 

12 

14 

1 

13 

14 

15 

2 

15 

16 

16 

2 

17 

18 

17 

5 

11 

13 

18 

5 

15 

17 

19 

3 

11 

15 

20 

3 

13 

17 

21 

6 

11 

19 

22 

6 

13 

19 

23 

4 

15 

19 

24 

4 

17 

19 

25 

7 

3 

10 

26 

7 

11 

20 

27 

8 

7 

10 

28 

8 

15 

20 

29 

9 

10 

20 

MEMBER 

SECTION 

NUMBER 

1  TYPE= 

SPRING 

0  0 

0 

0 

0 

3 

0  0 

0 

0 

0 

3 

0  0 

0 

0 

0 

0 

1  1 

0 

0 

0 

0 

0  0 

0 

0 

0 

0 

1  1 

0 

0 

0 

0 

0  0 

0 

0 

0 

0 

1  1 

0 

0 

0 

0 

0  0 

0 

0 

0 

0 

1  1 

0 

0 

0 

0 

0  0 

0 

0 

0 

3 

0  0 

0 

0 

0 

3 

NODE 

NODE 

NODE 

OUTPUT 

Innerl  Inner2 

zz 

-axis 

Flag 

1 

2 

0 

3 

4 

3 

5 

6 

3 

7 

8 

3 

1 

3 

3 

5 

7 

3 

1 

5 

3 

3 

7 

3 

1 

9 

3 

3 

9 

3 

5 

9 

3 

7 

9 

3 

11 

12 

3 

13 

14 

0 

15 

16 

3 

17 

18 

3 

11 

13 

3 

15 

17 

3 

11 

15 

3 

13 

17 

3 

11 

19 

3 

13 

19 

3 

15 

19 

3 

17 

19 

3 

3 

10 

3 

11 

20 

3 

7 

10 

3 

15 

20 

3 

10 

20 

0 

PROPERTIES  TABLE 


Spring  Stiffness  in  X  .  =  2.800E+03 
Rotational  Stiffness.  .  =  1.000E+04 
Bilinear  Factor  Transln.=  .055 
Angle  Global-Local  axes  =  .000 


Spring  Stiffness  in  Y  .  = 
Weight/ (Unit  Length) .  .  = 
Bilinear  Factor  Rotation= 


3  SPRING  COMPONENTS  -  NO  INTERACTION  -  YIELD  FORCES  AND  MOMENTS 

Positive  X  Force.  .  .  .  =  3.630E+03  Negative  X  Force.  .  .  .  =- 

Positive  Y  Force.  .  .  .  =  3.630E+03  Negative  Y  Force.  •  •  •  — 

Positive  Moment  .  .  .  .  =  3.630E+06  Negative  Moment 

Modified  Bi-linear  TAKEDA  Hystersis 

ALPHA  (Unloading)  .  .  .  =  .5000  BETA  (Reloading)  .  .  • 

A-2>f 


2 . 800E+03 
0 . OOOE+OO 
1.000 


3 . 630E+03 
3 . 630E+03 
3 . 630E+06 


.5000 


f\~  t>~5 


N  Power  Factor . =  1-  Unload  (l=DRAXN;2— EMORX) — 

0 SECTION  NUMBER  2  TYPE= SPRING 


Spring  Stiffness  in  X  .  =  8.150E+01 
Rotational  Stiffness.  .  =  1.000E+03 
Bilinear  Factor  Transln.=  .631 

Angle  Global-Local  axes  =  .000 

3  SPRING  COMPONENTS  -  NO  INTERACTION  -  YIELD  FORCES  AND  MOMENTS 

Positive  X  Force.  .  .  .  =  3.260E+02  Negative  X  Force.  .  .  .  =  - 

Positive  Y  Force.  .  .  .  =  3.260E+02  Negative  Y  Force.  .  .  .  =- 

Positive  Moment  .  .  .  .  =  3.260E+05  Negative  Moment  ....=- 

Modified  Bi- linear  TAKEDA  Hystersis 

ALPHA  (Unloading)  .  .  .  =  .5000  BETA  (Reloading)  .  .  .  = 

N  Power  Factor . =  1.  Unload  (1=DRAIN;2=EM0RI)  = 


Spring  Stiffness  in  Y  .  = 
Weight/ (Unit  Length) .  .  = 
Bilinear  Factor  Rotation= 


0 SECTION  NUMBER  3  TYPE= FRAME  -GIBERSON  BEAM 


Elastic  Modulus  .  .  .  .  =  4.770E+04 
Cross  Sectional  Area.  .  =  1.000E+05 
Moment  of  Inertia  .  .  .  =  5.000E+05 
End-block  Length  End  1  =  4.000E+02 
Joint  Flexibility  End  1  =  O.OOOE+OO 
Perfect  Hinge  at  End  1  =  NO 


Shear  Modulus . = 

Shear  Area . = 

Weight/ (Unit  Length) .  .  = 

End-block  Length  End  2  = 
Joint  Flexibility  End  2  = 
Perfect  Hinge  at  End  2  = 


Linear  Elastic  Hysteresis 


0 SECTION  NUMBER  4  TYPE= FRAME  -GIBERSON  BEAM 


Elastic  Modulus  .  .  .  .  =  4.770E+04 
Cross  Sectional  Area.  .  =  1.000E+05 
Moment  of  Inertia  .  .  .  =  5.000E+05 
End-block  Length  End  1  =  7.000E+02 
Joint  Flexibility  End  1  =  0.000E+00 
Perfect  Hinge  at  End  1  =  NO 


Shear  Modulus . = 

Shear  Area . = 

Weight/ (Unit  Length) .  .  = 

End-block  Length  End  2  = 
Joint  Flexibility  End  2  = 
Perfect  Hinge  at  End  2  = 


Linear  Elastic  Hysteresis 


0 SECTION  NUMBER  5  TYPE = FRAME  -GIBERSON  BEAM 


Elastic  Modulus  .  .  .  .  =  4.770E+04 
Cross  Sectional  Area.  .  =  1.000E+05 
Moment  of  Inertia  .  .  .  =  5.000E+05 
End-block  Length  End  1  =  1.350E+03 
Joint  Flexibility  End  1  =  0.000E+00 
Perfect  Hinge  at  End  1  =  NO 


Shear  Modulus . = 

Shear  Area . = 

Weight/ (Unit  Length) .  .  = 

End-block  Length  End  2  = 
Joint  Flexibility  End  2  = 
Perfect  Hinge  at  End  2  = 


Linear  Elastic  Hysteresis 


OSECTION  NUMBER  6  TYPE= FRAME  -GIBERSON  BEAM 


Elastic  Modulus  .... 
Cross  Sectional  Area.  . 
Moment  of  Inertia  .  .  . 
End-block  Length  End  1 
Joint  Flexibility  End  1 
Perfect  Hinge  at  End  1 


4 . 770E+04 
1 . 000E+05 
5 . 000E+05 
7 . 450E+02 
O.OOOE+OO 
NO 

A  -35 


Shear  Modulus . = 

Shear  Area . = 

Weight/ (Unit  Length) .  .  = 

End-block  Length  End  2  = 
Joint  Flexibility  End  2  = 
Perfect  Hinge  at  End  2  = 


2. 


8 . 150E+01 
0.000E+00 
1.000 


3 . 260E+02 
3 . 260E+02 
3 . 260E+05 


.5000 

2. 


2 . OOOE+04 
0.000E+00 
0.000E+00 
4 . 000E+02 
O.OOOE+OO 
NO 


2. 000E+04 
0.000E+00 
0.000E+00 
7 . 000E+02 
O.OOOE+OO 
NO 


2 . 000E+04 
0.000E+00 
O.OOOE+OO 
1 . 350E+03 
0.000E+00 
NO 


2 . 000E+04 
O.OOOE+OO 
0.000E+00 
7 . 450E+02 
0 . 000E+00 
NO 


Linear  Elastic  Hysteresis 


0 SECTION  NUMBER  7  TYPE= FRAME  -GIBERSON  BEAM 


Elastic  Modulus  .  .  .  .  =  4.770E+04 

Cross  Sectional  Area.  .  =  1.000E+05 
Moment  of  Inertia  .  .  .  =  5.000E+05 

End-block  Length  End  1  =  5.750E+02 
Joint  Flexibility  End  1  =  O.OOOE+OO 
Perfect  Hinge  at  End  1  =  NO 

Linear  Elastic  Hysteresis 

OSECTION  NUMBER  8  TYPE = FRAME  -GIBERSON 


Elastic  Modulus  .  .  .  .  =  4.770E+04 

Cross  Sectional  Area.  .  =  1.000E+05 
Moment  of  Inertia  .  .  .  =  5.000E+05 
End-block  Length  End  1  =  5.150E+02 
Joint  Flexibility  End  1  =  0.000E+00 
Perfect  Hinge  at  End  1  =  NO 

Linear  Elastic  Hysteresis 

OSECTION  NUMBER  9  TYPE = FRAME  -GIBERSON 


Elastic  Modulus  .  .  .  .  =  4.770E+04 
Cross  Sectional  Area.  .  =  1.000E+05 
Moment  of  Inertia  .  .  .  =  5.000E+05 
End-block  Length  .End  1  =  0.000E+00 
Joint  Flexibility  End  1  =  0.000E+00 
Perfect  Hinge  at  End  1  =  YES 

Linear  Elastic  Hysteresis 


Shear  Modulus  . 

Shear  Area . 

Weight/ (Unit  Length) .  . 

End- block  Length  End  2 
Joint  Flexibility  End  2 
Perfect  Hinge  at  End  2 


BEAM 

Shear  Modulus  . 

Shear  Area . 

Weight/ (Unit  Length) .  . 

End-block  Length  End  2 
Joint  Flexibility  End  2 
Perfect  Hinge  at  End  2 


BEAM 

Shear  Modulus  . 

Shear  Area . 

Weight/ (Unit  Length) .  . 

End -block  Length  End  2 
Joint  Flexibility  End  2 
Perfect  Hinge  at  End  2 


LUMPED  WEIGHT  AT  NODE 


Node 

X-Weight 

Y-Weight 

Z-Rotatn 

l 

3 . 061E+03 

3 .061E+03 

3 . 061E+03 

3 

3 . 061E+03 

3.061E+03 

3 . 061E+03 

5 

7 . 163E+03 

7 . 163E+03 

7 . 163E+03 

7 

7 . 163E+03 

7 . 163E+03 

7 . 163E+03 

11 

3 . 061E+03 

3 . 061E+03 

3 . 061E+03 

13 

3 . 061E+03 

3 . 061E+03 

3 . 061E+03 

15 

7 . 163E+03 

7.163E+03 

7 . 163E+03 

17 

7 . 163E+03 

7 . 163E+03 

7.163E+03 

STATIC  LOADING 

Node 

X- Force 

Y- Force 

Z -Moment 

EXCITATION  COMPONENT  1  is  in  "  BERG  "  FORMAT 

In  FILE . EL40NSC.EQB 

First  Line  Number. =  1 

Digitizing  DT.  .  .=  .010 

1/ (Scale-Factor)  .=  1.000E+00 

Excitation  zero  padded  after  End-of-File 
Initial  Velocity  =  .000 

Initial  Displacemt=  .000 

Time  Scale  =  1.000 

1FINAL  TOTAL  "LUMPED"  NODAL  WEIGHT 


2.000E+04 
0.000E+00 
O.OOOE+OO 
5 . 750E+02 
0.000E+00 
NO 


2 . OOOE+04 
0.000E+00 
O.OOOE+OO 
5 . 150E+02 
O.OOOE+OO 
NO 


2. 000E+04 
O.OOOE+OO 
0.000E+00 
0.000E+00 
O.OOOE+OO 
NO 


A--D-7 


NODE 

X  Dirtn. 

Y  Dirtn. 

Theta- Z 

i 

3 . 0610E+03 

3.0610E+03 

3 . 0610E+03 

3 

3 . 0610E+03 

3 . 0610E+03 

3 . 0610E+03 

5 

7.1630E+03 

7 . 1630E+03 

7 . 1630E+03 

7 

7.1630E+03 

7.1630E+03 

7 . 1630E+03 

11 

3 . 0610E+03 

3 . 0610E+03 

3.0610E+03 

13 

3 . 0610E+03 

3  *  0610E+03 

3 . 0610E+03 

15 

7 . 1630E+03 

7 . 163  0E+03 

7 . 1630E+03 

17 

Total 

7 . 1630E+03  7 . 1630E+03  7.1630E+03 
4.0896E+04  4.0896E+04 

NATURAL  FREQUENCIES 

MODE 

Frequency 

Period 

%  Damping 

Damped  Freq 

i 

1 . 498E+00 

6 . 676E-01 

2 . 000E+00 

1.498E+00 

2 

1.660E+00 

6 . 022E- 01 

1 . 996E+00 

1 . 660E+00 

3 

1 . 730E+00 

5 . 780E-01 

2 . 000E+00 

1.730E+00 

4 

1 . 826E+00 

5 . 476E-01 

2 . 011E  +  00 

1 .826E+00 

5 

2 . 615E+02 

3 . 823E-03 

1 . 621E+02 

Complex 

6 

4 . 123E+02 

2.425E-03 

2 . 555E+02 

Complex 

7 

6 . 456E+02 

1.549E-03 

4 . OOOE+02 

Complex 

8 

7 . 802E+02 

1.282E-03 

4 . 834E+02 

Complex 

9 

9.390E+02 

1.065E-03 

5 . 818E+02 

Complex 

10 

9 . 473E+02 

1 . 056E-03 

5 . 869E+02 

Complex 

11 

1.143E+03 

8.751E-04 

7 . 081E+02 

Complex 

12 

1 . 151E+03 

8.686E-04 

7 . 134E+02 

Complex 

13 

1.234E+03 

8.103E-04 

7 . 647E+02 

Complex 

14 

1 . 257E+03 

7 . 953E-04 

7 . 791E+02 

Complex 

15 

1.649E+03 

6.063E-04 

1.022E+03 

Complex 

16 

1 . 653E+03 

6 . 049E-04 

1.024E+03 

Complex 

17 

1.527E+05 

6 . 547E-06 

9 . 464E+04 

Complex 

18 

1.527E+05 

6 . 547E-06 

9 . 464E+04 

Complex 

19 

2 . 472E+05 

4.046E-06 

1 . 532E+05 

Complex 

20 

2 • 472E+05 

4.045E-06 

1.532E+05 

Complex 

21 

7 . 265E+05 

1.376E-06 

4 . 501E+05 

Complex 

22 

7 . 266E+05 

1.376E-06 

4 . 502E+05 

Complex 

23 

8 . 608E+05 

1.162E-06 

5 . 334E*f  05 

Complex 

24 

8 . 643E+05 

1 . 157E-06 

5 . 355E+05 

Complex 

RAYLEIGH  DAMPING  Alpha=  2.01762E-01  Beta=  1.97228E-03 


1 

MODAL  PROPERTIES  - 

1  Excitation  Components 

MODE 

Part -Fact  Eff-Mass 

%-M 

1 

-6.766E-01  5 . 606E+01 

53 

2 

-2.367E-11  5 . 930E-20 

53 

3 

2.502E-03  2 . 373E-04 

53 

4 

6 . 781E-01  4 . 983E+01 

100 

5 

1.161E-05  8 . 151E-09 

100 

6 

-1 . 176E-09  9 . 629E-17 

100 

1 

NORMAL  MODES  OF  THE 

FRAME 

NODE 

D . O . f .  Mode  1 

Mode  2 

Mode  3 

Mode  4 

Mode  5 

Mode  6 

1 

X-Disp.  -6.300E-01 

8 . 174E-06 

-2 . 367E- 01 

8 . 470E-01 

4.403E-01 

8.152E-01 

1 

Y-Disp.  1 . 000E+00 

1.000E+00 

-5 . 749E- 01 

1.000E+00 

2 . 176E-01 

6 . 661E-02 

1 

Z-Rotn.  -2.648E-04  - 

1.139E-08 

4.165E-04 

-2 . 657E- 04 

-1 . 174E-03 

1.380E-04 

3 

X-Disp.  -6.300E-01 

9 . 211E-06 

-2 . 367E-01 

8 . 470E- 01 

-9 . 499E-02 

7 . 818E-01 

3 

Y-Disp.  2 . 660E-01 

9 . 999E-01 

5 . 797E-01 

2.633E-01 

-9.660E-01 

1.894E-02 

3 

Z-ROtn.  -2 . 648E-04  - 

1.594E-08 

4.165E-04 

-2 . 658E- 04 

5.461E-04 

-2.93  0E- 04 

5 

X-Disp.  -8 . 476E-01  - 

5.233E-06 

1.056E-01 

6.286E-01 

-2 . 337E-01 

1 . OOOE+OO 

5 

Y-Disp.  1 . 000E+00 

1.000E+00 

-5.749E-01 

n  —r 

1.000E+00 

2 . 515E-01 

-2.689E-02 

5  Z-Rotn. 
7  X-Disp. 
7  Y-Disp. 
7  Z-Rotn. 
9  X-Disp. 
9  Y-Disp. 
9  Z-Rotn. 
10  X-Disp. 
10  Y-Disp. 

10  z-Rotn. 

11  X-Disp. 
11  Y-Disp. 
11  Z-Rotn. 
13  X-Disp. 
13  Y-Disp. 
13  Z-Rotn. 
15  X-Disp. 
15  Y-Disp. 
15  Z-Rotn. 
17  X-Disp. 
17  Y-Disp. 
17  z-Rotn. 
19  X-Disp. 
19  Y-Disp. 

19  Z-Rotn. 

20  X-Disp. 
20  Y-Disp. 
20  Z-Rotn. 


-2 .648E-04 
-8.476E-01 
2 . 660E- 01 
-2 . 648E-04 
-7.810E-01 
6.330E-01 
-2 . 648E-04 
-7 . 810E-01 
-1 . 210E-03 
-2 . 648E-04 
-6 . 312E-01 
-2 . 689E-01 
-2 . 627E-04 
-6 . 312E-01 
-9 . 971E-01 
-2 . 627E-04 
-8 . 471E-01 
-2 . 689E-01 
-2 . 627E-04 
-8 . 471E-01 
-9 . 971E-01 
-2.627E-04 
-7 . 810E-01 
-6 . 330E-01 
-2.627E-04 
-7 . 810E-01 
-3 . 827E-03 
-2 . 627E-04 


-2 . 381E- 08 
-4.187E-06 
1 . 000E+00 
-1 . 458E-08 
-1 . 544E-07 
1 . OOOE+OO 
-1 . 717E-08 
-7 . 812E-11 
9 . 999E-01 
-1 . 712E-08 
-9.211E-06 
9 . 999E-01 
1 . 594E-08 
-8.174E-06 
1. 000E+O0 
1 . 139E-08 
4 . 187E-06 
1. 000E+00 
1 . 458E-08 
5 . 233E-06 
1. 000E+00 
2 . 381E-08 
1 . 543E-07 
1. 000E+00 
1.717E-08 
3 . 074E-11 
9.999E-01 
1 . 712E-08 


4.165E-04 
1.056E-01 
5 . 797E-01 
4 . 165E-04 
9.001E-04 
2 . 432E-03 
4.165E-04 
8 . 980E-04 
1. 000E+00 
4.165E-04 
2 . 387E-01 
5.753E-01 
-4.168E-04 
2 . 387E-01 
-5 . 801E-01 
-4 . 168E-04 
-1. 038E-01 
5 . 753E-01 
-4 . 168E-04 
-1 . 038E-01 
-5 . 801E-01 
-4 . 168E-04 
8.931E-04 
-2 . 400E-03 
-4.168E-04 
8 . 952E-04 
9 . 958E-01 
-4.168E-04 


-2 . 658E-04 
6.286E-01 
2.6338-01 
-2 . 658E-04 
6 . 954E-01 
6 . 316E-01 
-2 . 658E-04 
6.954E-01 
-4 . 886E-03 
-2 . 658E-04 
8.440E-01 
-2 . 705E- 01 
-2 . 606E-04 
8 . 440E-01 
-9 . 928E-01 
-2 . 606E-04 
6 . 299E-01 
-2 . 705E-01 
-2 . 606E-04 
6 . 299E-01 
-9 . 928E-01 
-2 . 606E-04 
6 . 954E-01 
-6.316E-01 
-2 .606E-04 
6 . 954E-01 
-7 . 503E-03 
-2 . 606E-04 


-1.242E-03 
8 . 954E-02 
-9 . 973E-01 
5 . 432E-04 
-1.308E-02 
-9 . 832E-01 
-5 . 239E-04 
8 .486E-02 
-3 . 788E-01 
5 . 374E-04 
-9 . 790E-02 
9 . 686E-01 
5 . 336E-04 
4 . 385E-01 
-2 . 201E-01 
-1 . 184E-03 
8 . 817E-02 
1. OOOE+OO 
5 . 309E-04 
-2 . 371E-01 
-2 . 542E-01 
-1 . 253E-03 
-1.570E-02 
9 . 826E-01 
-5 . 161E- 04 
8 . 451E- 02 
3 . 729E-01 
5 . 677E-04 


3 . 617E-04 
5 . 729E-01 
-8 . 087E-03 
-2 . 566E-04 
7 . 799E-01 
1 . 942E-01 
1 . 361E-06 
2 . 940E-01 
-5 . 293E-01 
-8 . 044E-04 
-7 . 791E-01 
1.611E-02 
2 . 843E-04 
-8 . 181E-01 
6 . 716E-02 
-1.286E-04 
-5 . 746E-01 
-1 . 116E-02 
2 . 479E-04 
-9 . 982E-01 
-2 . 600E-02 
-3 . 517E-04 
-7 . 798E-01 
1 . 867E-01 
6 . 249E-07 
-2 . 947E-01 
-5 . 240E-01 
7.977E-04 


